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INTRODUCTION 
The first study was begun to obtain a quantitative 
comparison among various salts of aluminum as mordants 
for wool under different oondltlons of concentration 
and pH and to secure quantitative Information about the 
composition, mechanical behavior, and resistance of the 
mordanted wool to degradation by acid or alkali. 
The second study deals with the use of one of 
these mordanting salts, aluminum chloride, for the 
quantitative analysis of wool In wool-cotton mixtures. 
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I. MORDANTING OP WOOL WITH SALTS OP ALUMINUM 
Review of Literature 
The mordanting of textiles is considered almost as 
ancient an art as that of dyeing. Hubner (118) has 
detected aluminum In the dyed v/rapplngs of mummies from 
the XII dynasty, 2500 B.C* Two of the earliest dyes of 
which there Is any evidence, both of which require a 
mordant, are kermes, an Insect dye of Sanskrit name, and 
madder. The kermes Insects contain kermeslc acid, 
O H O  I s o l a t e d  b y  D l m r o t h  a n d  S c h e u r e r  ( 5 7 )  I n  1 9 1 3 ;  
•Lo 13 9 
the madder root contains alizarin, 0 OH 
v/hlch was first synthesized by 
Graebe and Llebermann (96, 97) 
It 
In 1868. It seems probable 0 
that the use of these dyes spread from India, through 
Persia and the Levant to Egypt. (23, 29, 85, 158, 215). 
The Old Testament gives some Information of the 
history of these dyes: 
Girded with girdles upon their loins, exceeding 
In dyed attire upon their heads, all of them princes 
to look to, after the manner of the Babylonians of 
Chaldea, the land of their nativity: 
Pine linen with broldered work from Egypt was 
that which thou spreadest forth to be thy sail; 
lOH 
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blue and purple from the Isles of Ellshah was that 
which covered thee. 
Syria was thy merchant by reason of the Biultltude 
of the wares of thy making: they occupied In thy 
fairs with emeralds, purple, and broldered work, 
and fine linen, and coral, and agate. 
These were thy merchants In all sorts of things. 
In blue clothes, and broldered work, and In chests 
of rich apparel bound with cords, and made of cedar, 
among thy merchandise. 
Ezeklel 33:15, 87:7, 16, 24 
The blood-red color mentioned by Homer and prescribed 
In Exodus Is thought to have been alum-mordanted kermes. 
Moreover thou shalt make the tabernacle with ten 
curtains of fine twined linen,and blue, and purple, 
and scarlet: v/lth cheinxblms of cunning work shalt 
thou make them. 
And thou shalt make curtains of goats* hair to 
be a covering upon the tabernacle: eleven curtains 
shalt thou make. 
And thou shalt make a covering for the tent of 
rajns* skins dyed red, and a covering above of 
badgers' skins. 
And thou shalt make a vail of blue, and purple, 
and scarlet, and fine twined linen of cunning work: 
with cherublms shall it be made: 
And thou shalt make an hanging for the door of 
the tent, of blue, and pui^ple, and scarlet, and fine 
twined linen, wrought with needlework. 
And for the gate of the court shall be an hang­
ing of twenty cubits of blue, and purple, and scarlet, 
and fine twined linen, wrought with needlework: and 
their pillars shall be four,and their sockets four. 
And these are the garments which they shall make; a 
breastplate, and an ephod, and a robe, and a 
broldered coat, a mitre, and a girdle: and they shall 
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make holy garments for Aaron thy brother, and his sons, 
that he may minister unto me in the priest's office. 
And they shall make the ephod of gold, of blue, 
and of purple, of scarlet, and fine tv/ined linen, 
with cunning work. 
And the curious girdle of the ephod, which is 
upon it, shall be of the same, according to the work 
thereof; even of gold, of blue, and purple, and 
scarlet, and fine twined linen. 
And thou shalt make the breastplate of Judgment 
with cunning work; after the v/ork of the ephod thou 
shalt make it; of gold, of blue, and of purple, and 
of scarlet, and of fine t^vined linen, shalt thou make 
it. 
And beneath upon the hem of it thou shalt make 
pomegranates of blue, and of purple, and of scarlet, 
round about the hem thereof; and bells of gold 
between them round about; 
And every man, v/ith v/hom was found blue, and 
purple, and scarlet, and fine linen, and goats' hair, 
and red skins of rams, and badgers' skins, brought 
them. 
And all the women that were wise hearted did spin 
with their hands, and brought that which they had 
spun, both of blue, and of purple, and of scarlet, 
and of fine linen. 
Them that hath he filled with wisdom of heart, 
to work all manner of work, of the engraver, and of 
the cunning workman, and of the embroiderer, in blue, 
and in purple, in scarlet, and in fine linen, and of 
the weaver, even of them that do any work, and of 
those that devise cunning work. 
And with him was Aholiab, son of Ahisamach, of 
the tribe of Dan, an engraver, and a cunning workman, 
and an embroiderer in blue, and in purple, and in 
scarlet, and fine linen. 
And of the blue, and purple, and scarlet, they 
made cloths of service, to do service in the holy 
place, and made the holy garments for Aaron: as the 
LORD commanded Moses. 
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Exodus 26: 1, 7, 14, 31, 36, 27: 16. 
28; 4, 6, 8, 15, 33. 35: 23, 25, 35. 
38: 23. 39: 1. 
A.D. An early account of mordants is furnished by 
Gaius Plinius Secundus in his Natural History (221). 
In Egypt, too, they employ a very remarkable 
process for the colouring of tissues. After 
pressing the material, which is v/hite at first, 
they saturate it, not with colours, but with 
mordents that are calculated to absorb colour. 
This done, the tissues, still unchanged in appear­
ance are plunged into a cauldron of boiling dye, 
and are removed the next moment fully coloured. 
It is a singular fact, too, that although the dye 
in the pan is of one uniform colour, the material 
when taken out of it is of various colours, accord­
ing to the nature of the mordents that have been 
respectively applied to it: these colours, too, 
will never wash out. Thus the dye-pan, which 
under ordinary circumstances, no doubt, would have 
made but one colour of several, if coloured tissues 
had been put into it, is here made to yield sev­
eral colours from a single dye. At the same 
moment that it dyes the tissues, it boils in the 
colour; and it is the fact, that material which 
has been thus submitted to the action of fire 
becomes stouter and more serviceable for wear, 
than it v/ould have been if it had not been sub-
• jected to the process 
Book XXXV. Chapter 42 
The colouring of tissues.* 
Not less important, or indeed very dissimilar, 
are the uses that are made of alumen; by which 
name is understood a sort of brine which exudes 
from the earth. Of this^ too, there are several 
kinds. In Cyprus there is a white alumen, and 
another kind of darker colour. The difference, 
however, in their colour is but trifling in reality, 
though the uses made of them are very dissimilar; 
the white liquid alumen being employed for dyeing 
wool of bright colours, and the black on the other 
hand, for giving wool a tavmy or sombre tint. 
*Yol. 6 pp. 282-3 
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The countries v/hich produce this substance, 
are Spain, Aegypt, Armenia, Macedonia, Pontus, 
Africa, and the islands of Sardinia, Melos, Lipara, 
and Strongyle; the most esteemed, however, is that 
of Egypt, the next best being the produce of Melos. 
• • • 
For all those maladies which we have mentioned as 
being treated v/ith the other kinds of alumen, 
that imported from Melos, be it understood, is 
still more efficacious. As to the other uses that 
are made of it for industrial purposes, such as 
preparing of hides and wool, for example, they have 
been mentioned already. 
Book 232Y. Chapter 52, 
Alumen, and the several varieties of it: 
thirty-eight remedies.* 
200? Reinking (232) has presented as a single recipe the 
two recipes for dyeing wool with madder which were 
abstracted in Papyrus Graecus Holmiensis (205) from the 
technical encyclopedia of Bolos Demokritos of the Nile 
delta: ** 
A rose color is prepared in the following way: 
when the v^ool comes from the blue vat, spread it 
in circles, sprinkle it v/ith ashes and step on it 
thoroughly. Then pluck it loose, mix potter»s 
clay with water and -wash the wool adding this earth 
until it is clean. 
Then rinse it and boil with alum. That it is 
sufficiently mordanted is recognized by the fact 
that it slumps in the kettle and the dye liquor is 
clear. 
Heat rain water until your hand can no longer 
stand it. For each pound of wool take one-half 
#Vol, 6 pp. 294-5, 297-8. 
** Dye stuffs 15 (March 1941). 
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poimd of dried, groiind and screened madder and 
one-half pound of bean meal and make a paste of 
this mixture with pure vinegar. Charge the 
kettle with the paste and mix. Place the v/ool 
in the kettle and move it around continually so 
that it is dyed uniformly. When you notice that 
the bath is sufficiently exhausted, beat the wool 
out of it and rinse it in brackish water. 
If you v/ish the colour to become vivid and 
fast, treat it subsequently with alum. Then wash 
the v/ool again in brackish water and allow it to 
dry in the shade, protected from soot and dust. 
700? Papyrus 8316 of the Berlin Museum repeats Bolos* 
recipes in Coptic (206). Bolos' encyclopedia is knovm 
to have influenced the technical literature of the 
middle ages. 
900 From examination of textiles at the Arabic museum 
of Cairo and at the Louvre it would seem that lac dyes 
were not used in Persia, Constantinople, or northern 
Europe before the tenth cent\iry, although kermes and 
madder, widely used with aluminum mordants, had been 
brought into Spain from Algeria by the Moors (218). 
1305 The Breve Tinctorum of Pisa (232) relates the 
prohibitions of an Italian dyers* guild v/hose members 
had to obligate themselves to use only certain 
kinds of alum, and above all, each fabric, before 
being placed in the madder bath, had to be boiled 
with a prescribed amount of aliim and was not 
allowed to be tipped with kermes.* 
1513 The Flemish Tbouck va Wondre published at Brussels 
describes the addition of gall nuts to the alum-mordant-
ing bath in order to keep this mordant from dusting out 
« Dyestuffs 18 (March 1941) 
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Of the wool. (258) 
1519 Cortes sends cochineal from Vera Cruz to Castille. 
This insect dye, later a part of the tribute Montecucuma' 
empire pays the King-Emperor of Spain, is used to dye 
aluminum-mordanted v/ool a brilliant scarlet and becomes 
famous as the red of military uniforms. Dimroth and 
Kammerer (56), in 1920, determined the structure of 
carminiQ acid, 0 OH^ the coloring matter 
of cochineal. ^6^1 
1540 Rosetti*s Plictho del arte de tintorit (235) intro­
duces the use of potassium hydrogen tartrate as an 
assistant for mordanting wool with aliim; 
For a piece of cloth take 15 pounds of alum, 
a bowl of bran and four pounds of crushed tartar 
from white wine.« 
1555 Piemontese*s Secreti. nuovamente posti in luce, a 
sort of household compendiiim, contains some recipes for 
dyeing wool, (220) 
1671 Albo*s Instruction p:^nerale pour la telnture des 
laines (3), a compilation of Information related to the 
dyeing of wool, is made at Colbert's request for the 
French textile industry, 
• Dyeatuffs 21 (March 1941). 
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1803 Aocording to Peroz (216), aluminum mordants for 
wool are widely used in Europe. 
1810 Thenard and Hoard (E62) express the opinion that 
wool does not deoompose al\im but simply absorbs it and 
that alum can be removed from mordanted wool by hot 
water. They consider that v/ool boiled with alum and 
potassium hydrogen tartrate possibly contains alum, 
aliiminum tartrate, potassium hydroxide, and tartaric 
acid, 
1813 Bancroft (11). presents several ideas about mordants 
which seem rather modern. 
Earthy and metallic bases when thus 
interposed, serve not only as a bond of union, 
between the colouring matter, and the dyed sub­
stance, but they also modify (as well as fix) the 
colour; some of them,particularly the oxide of 
tin, and the earth of alum, exalting and giving 
lustre to most of the colouring matters, with 
which they are united; * 
To impregnate wool or woollen cloth v/ith the 
aluminous basis, it is commonly boiled in water, 
with from one-fourth to one-sixth of its weight 
of alum, and from one-twelfth to one-sixteenth of 
its weight of crude tartar, putting the latter 
first into the water, and, afterwards, the powdered 
alum: the heat of the v/ater being gradually raised, 
is kept at the boiling point for an hour and a 
half, or tv/o hours, during which the cloth is turned 
through the boiling liquor on a v/inch, that the 
mordant may be equally applied; and being after-
v/ards taken out and drained, it is commonly left 
until the next day, and then rinoed in cleeui water. 
<jPhilosophy of Permanent Colours.Vol. 1 pp. 118-9. 
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for dying. In the early collection of recipes, 
printed in 1605, and already mentioned, sour bran 
liquor is commonly directed to be employed in this 
way with alum; and it seems to have answered the 
purpose of tartar, which, when it came to be 
generally used in this way with alxim; was supposed 
by the older dyers to do good by softening and 
correcting the acrimony of the latter: probably, 
however, the purposes which it answers, are not yet 
clearly ascertained; one of them seems to be, that 
of increasing the solubility of alum, and enabling 
it more completely and intimately to penetrate the 
fibres of the wool, with which it moreover enters 
into a permanent union, and thereby contributes 
efficaciously to modify, vary, and in some cases 
to brighten the colours with which it is employed, 
as will be seen hereafter. • 
1837 Chevreul (43) studies the action of water on dyed 
wool mordanted with alum or with alxim and tartrate. He 
attributes the fading of these dyeings during three 
years in water to the action of atmospheric oxygen. 
1849 Oonfreville (92) states that a metallic tartrate 
is fixed on the fiber as a color lake v/hen potassium 
hydrogen tartrate is used vdth a basic aluminum salt. 
1853 Chevreul (44) finds that wool gains 1.26 per cent 
in weight when treated with an aqueous solution of 
alum at room temperature. 
1864 Hofmann (114) reports that Chevreul first showed the 
possibility of using sodium aluminate as a mordant for wool, 
1867 Schutzenberger (242) describes a solution of alum 
as decomposed by wool and the retention of alumina as due 
to the attractive force of this fiber. 
* Philosophy of Permanent Colours. Vol, 1 pp. 384-5 
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1872 Havrez (109), after boiling wool in solutions of 
alum, concludes that wool takes up a hydrate of alumina 
from dilute solutions but that conoentrated solutions 
of alum dissolve this deposit. He notes that more acid 
than aluminum Is removed from solutions by wool. 
1874 Orookes (53) uses alum and potassium hydrogen 
tartrate as a mordant, 
1883 Llechtl and Suida (163) state that in mordanting 
textile fibers the solutions should be in such a 
condition that the fiber is readily and completely 
impregnated and the oxides or basic salts are precipi­
tated in the fiber. 
1886 Llechtl and Schwltzer (163) mordant wool with 1 
to 10 per cent aliuninum sulfate or equivalent amounts 
of aluminum oxalate or tartrate; they find that wool 
mordanted with aluminum oxalate and dyed v/ith alizarin 
gives brighter reds than wool mordanted with aluminum 
sulfate, while wool mordanted v/ith tartrate gives still 
fuller and brighter colors. They describe the dye as 
rubbing off wool mordanted with aluminum sulfate but 
as more nearly permanent on wool mordanted with aluminum 
tartrate. They find aluminum sulfate with potassiiun 
hydrogen tartrate as satisfactory as aluminum tartrate 
but they do not consider sulfuric acid as satisfactory 
as potassium hydrogen tartrate. Llechtl and Sohwltzer 
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olaim that alum is not as good a mordant as aluminum 
sulfate and that the mordant is fixed on wool much 
more readily at the boiling point than in the cold. 
1887 Hauff (108) obtains a patent for the use of basic 
aluminum thiocyanate as a mordant. 
1888 Pflrstenhagen and Appleyard (81) mordant wool with 
potassium aluminum sulfate and observe that all of the 
sulfate is taken up from 5 per cent bathe, 0.0054 g. 
AlgOs per gram wool, but that more sulfuric acid stays 
in the bath at a higher concentration. They report 
that the sulfate sulfur adsorbed by wool is practically 
constant for baths containing 10 to 30 per cent of 
alum, 0.011 to 0.021 g. AlgO^ per gram wool. 
1890 G-ardner (84) prefers oxalic acid to potassium 
hyd2?ogen tartrate for use vrf.th aluminum sulfate as a 
mordant for wool. 
1891 Norton and Tuttie (198) determine the percentage 
of the total alumina taken up by. wool from baths con­
taining equal weights of alum and equal weights of 
potassium hydrogen tartrate, potassium hydrogen 
oxalate and "acid potassium lactate", respectively, 
as 63.5, 71.8, and 80.0 per cent. With alum and 
lactate as a mordant the shade of alizarin is found 
bluer and somewhat "heavier" than that produced with 
aliua and tartar. 
18 
1892 Pickles (219) patents the use of aluminum sucrate 
and saccharate as mordants. 
1894 Liechti and Hummel (161) review the literature of 
the aluminum-mordanting of wool, Georgievics (88) finds 
that wool mordanted in thirty-volume "baths of 24 per 
cent alum, 0.026 g, Al.O, per gram of v/ool, takes up 
equivalent amounts of aluminum and sulfate and that from 
more concentrated solutions more sulfate than aluminum 
is taken up while the latter effect is reversed in 
dilute solutions. Eberle and Ulffers (66) state that 
wool heated in a solution of alum takes up both acid 
and alumina. 
1898 Gandourine (83) reconunends aluminum acetate, aluminum 
sulfate, and aluminum sulfate and potassium hydrogen 
tartrate as mordants for wool. Knapstein (139) obtains 
German Patent 127,698 for mordanting proteic fibers 
with alkali aluminate and tartaric or lactic acid. 
1900 Imray (122) unsuccessfully treats wool v/ith tannin 
and then an aluminum salt to make it incapable of ad­
sorbing dye. 
1902 According to Georgievics (87) the dyes used v/ith 
alumina mordants are Alizarin Red. Alizarin Orange 
Logwood Blue, and amethyst with cochineal. Beech (18) 
and Georgievics recommend a mixture of aluminum sulfate 
and oxalic acid, tartaric acid, or potassium hydrogen 
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tartrate for mordanting wool. Berghof (20) lists 
aluminum acetate, aluminum sulfate, and ammonium, 
potassium and sodium alums as mordants for wool. 
1903 During and Abt (63) report that wool mordanted 
with aluminum sulfate and lactic, oxalic, or tartaric 
M 
acid and then dyed with alizarin is alike in strength 
but not in color. Lactic acid produces a bright fast 
red, tartaric acid is not so effective, and oxalic 
acid gives the poorest result. 
Hummel (119) states that the use of potassium 
hydrogen tartrate in a mordanting bath of aluminum 
sulfate adds depth and brilliancy to the dyeing, that 
excess of potassium hydrogen tartrate tends to develop 
intensity of color but diminishes its brilliancy, and 
that aluminum thiocyanate gives good results as a 
mordant but is too expensive. He ascribes uneven 
dyeing v/ith acetate to its decomposition and deposi­
tion on the v/ool as aluminum hydroxide. He describes 
aliiminum chloride and aluminum nitrate as seldom used 
for mordanting wool and sodium aluminate as too basic 
for this use. 
Fraps (79) reports that good penetration and more 
even mordanting result when potassium hydrogen tartrate, 
oxalic acid, sulfuric acid, or lactic acid is added to 
a mordanting bath of al\im. 
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1904 According to MUller (189) aluminum sulfate, 
sodium aluminum sulfate, and sodium aluminate may be 
used as mordants. 
1906 Draeper (61) claims that salts of aluminum form 
a basic salt with wool leaving a corresponding amoimt 
of acid in solution. He describes the rate of mor­
danting as increasing with increasing basicity. 
1908 Larguier des Bancels (153) states that mordants 
become fixed in the fiber as collodial metallic hydrox­
ides carrying a positive charge. 
1910 Pelet-Jolivet (218) finds that the aluminum 
chloride absorbed by wool from solutions, 0.0035 to 
1.96 g. aluminum chloride per 100 ml. of solution, 
increases v/ith increasing concentration. 
1911 Scheurer and Battegay (239) recommend aluminum 
formate as a mordant. 
1913 Guiller (101) lists as mordants the al\ims of 
ammonium, potassium, and sodium and aluminum acetate, 
aluminum chloride, aluminum salicylate, alimiinum sul­
fate, aluminum thiocyanate, aluminum thiosulfate, and 
ammonium aluminum tartrate. 
1914 Bancroft (14) reviews several reports about mor­
danting v/ool with salts of aluminum, 
1915 In a continuation of this review, Bancroft (15) 
notes that v/ool dyes faster to light when mordanted 
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with ohroraiuni, copper, or iron than when mordanted 
v/ith aluminum or tin. 
1919 Kneoht, Rawson,and Loewenthal (140) report that 
aluminum sulfate-mordanted wool tends to croclc but 
that the addition of oxalic or tartaric acid to the 
mordanting bath fixes the mordant. They state that 
wool exhausts practically all of the aluminum from a 
bath of aluminum tartrate, that none of this aluminum 
is removed from the wool during rinsing, and that the 
tartrate may be replaced by a. mixture of one equival­
ent of aluminum sulfate and three equivalents of potas­
sium hydrogen tartrate although the results are not 
so good when this substitution is made. They describe 
basic aluminum sulfates, acetates, and thioacetates 
as poor mordants for wool since these salts deposit 
the mordant superficially and give rise to iineven 
dyeing. 
1920 Bottler (25) lists the salts previously listed 
by Guiller as mordants. 
Matthews (168) states that potassium hydrogen 
tartrate aids the hydrolysis of aluminum sulfate and 
results in more aluminum hydroxide being taken up 
by v/ool. 
1921 Emmons (70) recommends alum and potassium hydrogen 
tartrate for mordanting v/ool, and Grosheintz (100) 
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recommends aliimlnum sulfate as a printed mordant. 
1922 Bancroft (12, 13) concludes that the hydrolysis 
of aluminum salts increases with rising temperature, 
that different fibers absorb more or less alumina, 
that wool decomposes distinctly acid solutions of 
aluminum salts, that collodial alumina is taken up 
and held firmly by v/ool, that coagulated alumina may 
be adsorbed to some extent although it crocks, that 
alumina and not a basic salt is probably adsorbed al­
though the alumina and wool may both adsorb acid, and 
that there is no evidence of a chemical compound be-
tv/een wool and aluminum. 
Paddon (205) determines by difference the sulfate 
and alumina which v/ool adsorbs v/hen two-gram samples 
are boiled one hour in 250-ral, baths of potaasiim 
aliiminum sulfate of different concentrations. By 
plotting the loss of sulfate or alumina of the mordant­
ing bath against the final concentration of the bath, 
he obtains smooth curves v/hich are Interpreted as 
showing no formation of a compound. He finds that the 
alumina extracted from these baths reaches a maximum 
at an initial concentration of mordanting bath between 
0.011 and 0.0166 g. AlgO# per gram of wool and explains 
the decreased extraction of aluminum at higher concen­
trations a^ probably due to precipitation of aluminum 
hydroxide upon boiling. 
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Sonnery (254) patents the use of barium aluminate 
with carbon dioxide or ammonium carbonate as a mordant 
and v/aterproofing agent, Pomeranz (223) uses collodial 
solutions of aluminum salts of fat aoids as mordants 
and waterproofing agents. 
" 1924 Elod (67) describes the first step in mordanting 
proteic fibers as hydrolysis of the mordant. He claims 
that sodium formate gives better results than potassium 
hydrogen tartrate because the latter forms a stable com­
plex of aluminum tartrate which does not promote hydroly­
sis. 
1925 El8d (68) notices that mordanting for eight to 
fourteen days at 18®C. or mordanting for 1 to 1,5 hours 
at 100®C, produces the same shade on wool dyed with 
alizarin. He maintains that the deposition of aluminum 
hydroxide on wool is a chemical process, not adsorption, 
since the rate of adsorption decreases with rising 
temperature. 
Conklin (48) states that wool reacts with most 
metallic salts by adsorbing them from solution and then 
fixing their metallic oxides in chemical combination. 
According to Trotman and Trotman (267) a boiling 
solution of aluminum sulfate is hydrolyzed to sulfuric 
acid and a basic salt which is adsorbed by wool. 
1927 Horsfall and Lawrie (117) list aluminum sulfate, 
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potassium alximinum sulfate, and aluminum thiocyanate 
as mordants for v;ool. They state that the most im­
portant dye with which these mordants are used is 
alizarin. Soheurer and Binder (239) use alum and 
thiooleate as a printing mordant. 
1930 Aocording to an anonymous article, (7), alum and 
aluminum acetate, aluminum nitrate, aluminum thiocyan­
ate, and aluminum sulfate are used as mordants. 
1932 Chetti (42) claims that aluminum sulfate dissoci­
ates in water before combining chemically with wool 
and that potassium hydrogen tartrate is added to bring 
about this dissociation more readily. 
Aclcerman (2) describes the use of a peptized lake 
of alumina and sodium alizarate for dyeing, 
1933 Driessen (62) prepares a mordajit for wool by 
dissolving a hydrated oxide of aluminum in aoetic aoid. 
1934 Pettinger (217) describes a method for mordanting 
wool v/ith alum and potassium hydrogen tartrate. 
1935 A process is patented for mordanting textiles or 
tanning leather with aluminum phosphosulfate (255). 
In Dovmie's (60) electrolytic process for mordant­
ing, a dilute solution of alum serves as the electrolyte, 
cobalt as the anode, and platinum, to which the textile 
is attached, as the cathode. 
Weiser (278) considers it important to have the 
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mordant taken up under conditions such that it will "be 
held tenaciously by the textile, have a maximum trans­
parency, and adsorb the greatest amount of dye. He 
emphasizes that sulfate coagulates collodial aluminum 
hydroxide too readily, especially from more concentrated 
baths, precipitating it either in the bath or super­
ficially on the wool. This rapid superficial precipita­
tion of the hydroxide on the v/ool may, he states, be 
avoided by the use of aluminum lactate, oxalate, or 
tartrate and he describes the resulting hydrous oxide 
as more highly peptized and more penetrative. He also 
discusses Miller's (186) work in which a solution, 0.005 
M v/ith respect to aluminum chloride and 0.0075 M as to 
potassiiom oxalate, upon treatment v;ith alkali formed a 
slightly opalescent sol but no precipitate before the 
pH of the solution reached 8.8, although 0.0025 M 
potassium aluminum sulfate formed a precipitate at a 
pH of 4.3. Weiser considers it probable that the be­
havior of tartrate is similar to that of oxalate. 
1936 According to Holmes (115) aluminum sulfate and 
aluminum chloride, as salts of acidic reaction, combine 
chemically with both the carboxyl and amino groups of 
wool, 
A bath containing alum or aluminum sulfate, potas­
sium hydrogen tartrate, and oxalic acid is recommended 
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for mordanting v/ool before dyeing it with alizarin. (E30) 
1937 Justin-Mueller (132) states that wool has sufficient 
adsorbing and dissolving power to fix alumina, 
1938 Fischer (75) describes a crystalline aluminum 
formate, (HCOO)gAl-HaO, suitable for mordanting textiles. 
1939 Aliiminum acetate, alminum sulfate acetate, aluminum 
formate, aluminum sulfate, aluminum thiocyanate, aiimonium 
aluminum sulfate, potassium aluminum sulfate, and sodium 
aluminate are proposed as the better mordants (179, 248). 
Canadian Patent 383,688 (22) describes a method for 
precipitating aluminum hydroxide in an aqueous suspen­
sion of starch for use as a mordant. 
Aluminum chloride (224-226, 253) and aluminum oxide (266) 
have been used for the weighting of wool. 
Alutnintmi compounds, either alone or in various composi­
tions .have been used for making v/ool repellent or resistant 
to water (1, 5, 9, 19, 26, 28, 31-34, 39-41, 45, 47, 49, 53, 
55, 58, 64, 65, 73, 77, 82, 89-91, 93, 94, 98, 99, 102, 103, 
105, 107, 110, 116, 120, 121, 124, 126-128, 130, 131, 133-136, 
141, 142, 150, 151, 154-157, 160, 164, 167, 170-176, 180-182, 
185, 190, 191, 193, 195, 199, 200-202, 209-211, 213, 217, 222, 
223, 227, 231, 236, 237, 24Ci 241, 243-246, 249-251, 254, 263, 
265, 269, 270-276, 279, 280, 285, 294, 295), 
Alum and other compounds have long been used for 
tanning leather (4, 10, 35-38, 50, 51, 69, 80, 86, 113, 123, 
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125, 129, 138, 143-148, 159, 166, 177, 178, 187, 188, 194, 
196, 197, 203, 204, 208, 210, 214, 228, 233, 234, 238, 252, 
255-257, 260, 264, 268, 282-284, 286-290, 293). 
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Materials Used 
1, Aluminum acetate. Basic. Pure. Powder. Merck and 
Company, Inc. 
A weighed sample of the powdered aluminum acetate was 
dissolved In 100 ml. of dilute hydrochloric acid, heated to 
boiling, neutralized to Methyl Red with filtered ajamonlum 
hydroxide, boiled for one minute, filtered, and v/ashed with 
3 per cent ammonium chloride. The precipitate was dried. 
Ignited at red heat In an electric muffle furnace, and 
weighed In a covered crucible (21). 
Determlna- Basic 
tlon aluminum 
acetate 
nxxmber 
1 
3 
3 
Mean 
Deviation 
gram 
0.3067 
0.2991 
0.3036 
Aluminum oxide 
Determined Computed 
gram 
0.0731 
0.0717 
0.0735 
percentage 
of aluminum 
acetate 
23.8 
24.0 
24.2 
24.0 
"071 
percentage 
of AlflOlBHa. 
ti00)^ «4H.6 
26.953 
2. Aluminum chloride. AlCla-eHgO. Analytical reagent. 
Malllnokrodt Chemical Works, 
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Maximum limit of Impurities: 
percentapce 
Alkali salts 0.10 
Arsenic 0.001 
Iron 0.002 
Nitrate (NgOg) 0.001 
Other heavy metals 0.0002 
Sulfate 0.01 
The computed percentage of aluminum oxide Is 21.108. 
3. Aluminum formate. Pure. E, H. Sargent and Company. 
This salt was analyzed for aluminum oxide according to 
the method used for aluminum acetate. 
Determlna- Aluminum Aluminum oxide 
tlon formate 
Determined Computed 
number gram gram percentage percentage of 
of aluminum (HGOO)aj^ 
formate 
1 0.2261 0.0532 23.5 
2 0.2034 0.0481 23.6 
3 0.2198 0.0528 24.0 
Mean 23.7 31.46 
Deviation 0.2 
4. Aluminum lactate. Pure. E. H. Sargent and Company, 
A weighed sample was ignited in a platinum crucible 
over a Maker flame, fused with 2 g. of potassium pyro-
sulfate, and dissolved in 100 ml» of water. Two grams of 
ammonium chloride vrere added and the solution was heated to 
boiling, neutralized to Methyl Red with filtered ammonium 
hydroxide, filtered, and washed with 2 per cent ammonium 
nitrate. The precipitate was ignited at red heat in an 
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electric muffle furnace and weighed in a covered crucible, (sl) 
Pour analyses of the reagents yielded 0.0005 (±0.0001) g. 
of residue, a value subtracted from the Ignited resiaue In 
computation of the aluminum oxide. 
Determlna- Aluminum 
tlon lactate 
number gram ffram percentage 
of aluminum 
lactate 
1 0.2147 0.0330 15.1 
2 0.2132 0.0339 15.7 
3 0.2094 0.0317 14.9 
4 0.1793 0.0266 14.6 
5 0.2005 0.0315 15.5 
6 0.1954 0.0319 18.1 
Mean 15.3 
Deviation b.5 
Aluminum oxide 
Determined Computed 
percentage of 
(CHaOHOHOgoTlAl 
17.324 
5. Aluminum p~phenolsulfonate. Elmer and Amend. 
This salt was analyzed for aluminum oxide according to 
the method used for aluminum acetate, except that the sample 
was dissolved in water and 2 g. of aluminum chloride were 
added to this solution. 
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Determina- Alumlnixm 
tlon ^-phenol-
sulfonate 
number 
1 
2 
3 
4 
Mean 
Deviation 
gram 
1.1734 
1.0004 
1.1125 
1.1555 
Aluminum oxide 
Determined Computed 
gram percentage percentage of 
of aluminum / OaEfcCOH}-' 
p-phenol- SOa /aAl 
sulfonate 
0.0862 7.35 
0.0737 7.37 
0.0818 7.35 
0.0851 7.36 
7.36 9.327 
0.01 
6. Aluminum sulfate. Ala(30^)3'ISHgO, Analytical reagent, 
Mallinckrodt Chemical Vforks. 
Maximum limit of impurities! 
percentage 
Alkali salts 0.20 
Arsenic 0.000 
Chloride 0.0005 
Free acid trace 
Iron 0.002 
Other heavy metals 0.000 
The computed percentage of aluminum oxide is 15.295. 
7. Aluminum tartrate. C. P. Eimer and Amend. 
This salt was analyzed for aluminum oxide according to 
the method used for aluminum lactate. 
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Determina­
tion 
Aluminum 
tartrate 
Aluminum oxide 
Determined Computed 
number gram gram percentage 
of aluminum 
tartrate 
lA* 0.2028 0.0435 21.2 
2A 0.1908 0.0402 20.8 
3A 0.2048 0.0440 21.2 
4A 0.2016 0.0431 21.1 
5B 0.2121 0.0484 22.6x 
6B 0.1962 0.0430 21.7 
7B 0.2021 0.0466 22.8x 
8B 0.2063 0.0445 21.3 
9C 0.2124 0.0454 21.1 
IOC 0.1971 0.0417 20.9 
lie 0.2010 0.0433 21.3 
12c 0.1913 0.0413 21.3 
liean 21.2 
Deviation 0.2 
percentage of 
(dAH4,0a)3Ala 
20.46 
8. Ammonium chloride. G-ranular. Reagent. Q-eneral Chemical 
Company. 
9. Ammonium hydroxide. General Chemical Company. Sp. gr., 
0.90. Percentage of ammonia by weight, 28.53. 
10. Ammonium nitrate. NH4NO3. Reagent. General Chemical 
Company. 
* Parallel determinations a.re lettered alike. 
X Rejected observation. 
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Maximum limit of Impurities: 
percentage 
Chloride 
Free acid 
Heavy metals (as Pb) 
Insoluble In v/ater 
Iron 
0.0005 
passes test 
0,0005 
0.005 
0.0002 
0.0005 
0.010 
0.0005 
0.003 
Nitrite (as NOg) 
Nonvolatile 
Phosphate 
Sulfate 
Asbestos. Long fiber. Acid-washed. General Ohemlcal 
Company. 
12. Benedict-Denis Reagent. (54) Twenty-five grams of 
cuprlc nitrate, CuCNOs)3'SH^O, 35 g. of sodium chloride, and 
10 g. of ammonium nitrate were made up to 100 ml. with 
water. 
13. Benzene. Thlophene-free. G-eneral Ohemlcal Company. 
14. Calcium chloride. Anhydrous. Pure. G-eneral Chemical 
Company. 
15. Cuprlc nitrate. Cu(N0a)a*SHgO. Reagent. General Ohemlcal 
Company. 
16. Hydrochloric add. C. P. General Chemical Company. 
Sp. gr., 1.19. Percentage of hydrogen chloride by v/elght, 
39.8 . 
a. Dilute solutions of hydrochloric acid were prepared 
and standardized by comparison xvlth standard sodium hydroxide, 
using Methyl Red as Indicator. 
Data of Standardization 
Solution Determlna- Sodium hydroxide Hydrochloric acid 
tlon 
number normal- milli­ milli­ normal­
Mi liter liter ity 
1 0.2093 47.85 25.10 0.3990 
3 47.60 25.00 0.3985 
3 47.65 25.00 0.3989 
Mean 0.3989 
Deviation 0.0002 
1 0.2093 46.35 50.00 0.1940 
2 46.40 50.00 0.1942 
3 46.40 50.00 0.1942 
Mean 0.1941 
Deviation 0.0001 
lA 0.2080 34.21 25.72 0.2767 
3A 33.17 24.93 0.2767 
3A 33.20 24.97 0.2766 
4B 32.10 24.12 0.2768 
53 • 33.45 25.12 0.2770 
6B 32.40 24.35 0.2768 
Mean 0.2768 
Deviation 0.0001 
1 0.1518 28.40 25.00 0.1724 
2 28.40 25.00 0.1724 
3 28.43 25.00 0.1726 
4 28.43 25.00 0.1726 
Mean 0.1725 
Deviation o.oool 
b. Tv/enty-five milliliters of hydrochloric acid were 
diluted to 500 ml. and 25-ml. aliquots viere compared with 
standard sodium hydroxide, using Methyl Red as indicator. 
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Data of Standardization 
Solution Determina­
tion 
Sodium hydroxide Hydrochloric 
acid 
number normality milliliter noiroality 
1 
2 
3 
4 
5 
6 
0.1518 41.97 
42.00 
42.00 
41.97 
42.00 
41.95 
5.097 
5.100 
5.100 
5.097 
5.100 
5.094 
5.098 
0.002 
Mean 
Deviation 
17. Mercury. C. P. General Chemical Company, 
18. Methyl Red. pH range, 4.2 - 6.3. Hartman-Laddon Company. 
Sixty milliliters of ethanol were used to dissolve 0.1 g. 
of Methyl Red, and this solution v/as diluted to 100 ml. with 
water. 
19. Nitric acid. General Chemical Company. Sp.gr., 1.43; 
percentage of hydrogen nitrate by weight, 69.96. 
20. Paraffin, Standard Oil Company. 
21. Phenolphthalein. Reagent. General Chemical Company. 
The phenolphthalein, 0,2 g., was dissolved in 100 ml. of 
80 per cent etlianol. 
22. Potassium aluminum sulfate. Ala (S04)3K3S04|*24H30. 
Bali-er's analyzed. J. T. Baker Chemical Company. 
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Analysis 
percentage 
Ammonia 0.005 
Arsenic 0.0003 
Chloride 0.000 
Iron 0.000 
Other heavy metals 0.000 
The computed percentage of aluminum oxide is 10.743. 
S3. Potassium hydrogen phthalate. KHCqJI^O^. Reagent. 
Assay 99.95 per cent. General Chemical Company. 
34. Potassium hydroxide. Pellets. Reagent. General 
Chemical Company. 
35. Potassium pyrosulfate. ^38307. Reagent. Fused. 
General Chemical Company. 
Maximum limit of impuritiess 
percentage 
Arsenic 0.0005 
Calcium and magnesium preclDltate 0.005 
Chloride 0.003 
Heavy metals (as Pb) 0.0005 
Insoluble in water and ammonium 
hydroxide precipitate 0.010 
Iron 0.003 
Phosphate 0.001 
36. Potassium sulfide. Fused lumps. General Chemical 
Company. 
A 10 per cent solution was prepared by dissolving 10 g. 
of potassium sulfide in 100 ml. of water. 
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37. Saponin Merck. Pure, Merck and Company, Inc. 
28, Silver nitrate. C. P. U.S.P. General Chemical Company. 
39. Sodium aluminum tartrate. Soherlng-Kahlhaum A.-G, 
This salt was analyzed for aluminum oxide according to 
the method used for aluminum lactate. 
Determina­
tion 
Sodium 
aluminum 
tartrate 
number ffram gram percentage 
of sodium 
aluminum 
tartrate 
1 0.2174 0.0293 13.2 
2 0.2012 0.0277 13.5 
3 0.2077 0,0289 13.7 
4 0.3181 0.0312 14.1 
5 0.2040 0.0279 13.4 
6 0.2073 0.0286 13.6 
Mean 13.6 
Deviation 0.2 
Aluminum oxide 
Determined Computed 
percentage of 
NaAKC^lUOjT; 
14.73 
30. Sodium chloride. Crystalline. Reagent. General 
Chemical Company. 
31. Sodium hydrogen carbonate. Powder. Reagent. Assay 
(plus carbonate), 99.8 to 100.3 per cent. General Chemical 
Company. 
32. iSodlum hydroxide. Pellets. Reagent. Meets A, C. S, 
specifications. Assay (minimum NaOH), 95.0 per cent. 
General Chemical Company. 
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Maximum limit of Impurities: 
peroentage 
Chloride 0,010 
Heavy metals (as Ag) 0.003 
Iron 0,003 
Phosphate 0,005 
Silicon dioxide and ammonium 
hydroxide precipitate 
(SlOa, AI2O3, FeaOg) 0.030 
Sodium carbonate 3.5 
Total nitrogen (as N) 0.001 
a. A 40 per cent solution was prepared by dissolving 
57 g, of sodium hydroxide In 100 ml, v/ater, 
b, A saturated solution of sodium hydroxide was 
decanted and diluted vrlth water which had been boiled to 
remove the carbon dioxide. This solution was compared with 
standard hydrochloric acid*, using Methyl Orange as 
Indicator, 
Data of Standardization 
Determlna- Hydrochloric acid Sodium hydroxide 
tlon 
number normality milliliter milliliter normality 
1 0,3060* 35,00 34,60 0,3093 
3 35.00 34,60 0.3093 
3 35,00 34,60 0,3093 
Mean 0.3093 
Deviation 0, OOO'O 
* This standard acid vras obtained from Mr, A. J, Hammer of 
this department. 
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c. Solution of sodium hydroxide was titrated against 
potassium hydrogen phthalate, using phenolphthaleln as 
indicator. 
Solution Deteimlna- Potassium Sodium hydroxide 
tlon hydrogen 
phthalate 
number gram milliliter normality 
C 1 0.9995 23.55 0.2078 
2 1.1941 28.08 0.2082 
3 1.1220 26.40 0.2081 
4 1.3715 32.27 0.2081 
5 0.8605 20.28 0.2078 
6 1.1427 26.90 0.2080 
Mean 0.2080 
Deviation 0.0001 
D 1 0.7934 25.60 0.1518 
2 0.8027 25.92 0.1517 
3 0.9631 31.07 0.1518 
4 0.2001 38.72 0.1518 
5 1.0639 34.28 0.1520 
Mean 0.1518 
Deviation •^70^ 
33. Sodium sulfate. NaaSO*. Anhydrous. Powder. 
General Chemical Company. 
34. Sulfurio acid. C, P. General Chemical Company. 
Sp. gr., 1.84. Percentage of hydrogen sulfate by weight, 
93.2. 
35. Wool. Biltmore Industries, Incorporated. (247) 
An unscoured fabric, woven plain In 1936 from 
carbonized New Zealand wool and Australian tops (mean 
length 3.3 in.) from yarns lubricated with an emulsion of 
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lard oil, hot water, glycerol, and borax (7.2 per cent 
extractable fat and wax) contained neither selenium nor 
sulfite sulfur (59). 
This wool was prepared for experimental use, according 
to a method previously developed In this laboratory (59), by 
extracting strips of It weighing 15 to 18 g. with sulfur-
free benzene In a modified Soxhlet extractor, air-drying the 
residue at room temperature, washing It once for five 
minutes with 100 volumes of 0.1 per cent saponin at 40® 0., 
rinsing the residual wool continuously five times in 
distilled water at room temperature, diylng, and again 
extracting it continuously for twenty hours with benzene, 
and drying, and rinsing it continuously eight times in water 
at room temperature before the residual wool was dried at 
room temperature. 
Unscoured fabric Scoured fabric 
V'-'-V*v"*'V 
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Analysis of the prepared v/ool (59), 
V/elght, ounces per square yard 9,63 (0.25)* 
Thickness, Inch 0.0195 (0,0004) 
Ash, percentage of wool 0,09 (O.OO) 
Nitrogen, percentage of wool 17,13 <0,03) 
Total sulfur, percentage of wool 3,79 (0,02) 
Sulfate sulfur, percentage of wool 0,30 (0,01) 
Breaking strength 
Warp 
Conditioned, pounds per inch 34 (1) 
V/et. pounds per inch 21 (1) 
Pilling 
Conditioned, pounds per inch 34 (2) 
Wet, pounds per inch 23 (1) 
Elongation at breaking load 
Warp 
Conditioned, percentage 51 
Wet, percentage 74 
Pilling 
Conditioned, percentage 42 
Wet, -percentage 66 
Distribution of yarns in fabric 
By number 
Warp, number per Inch 32 (1) 
Filling, number per inch 27 (0) 
By weight 
Warp, percentage of fabric 52,6 (0.6) 
Filling, percentage of fabric 47,3 (0,3) 
Woolen yarn number 
Warp, typp 4,19 (0.02) 
Filling, typp 4,05 (0,22) 
Twist 
Warp, number per inch, direction IIZ 
Pilling, number"per inch, direc'^ion IIZ 
* Deviations are within parentheses 
- 42 -
Experimental Methods 
1. Mordanting of wool. 
A set of breaking-strength stripe, or a square of vrool 
fabric fringed at the edges to lessen mechanical loss of 
fibers through raveling, was cleaned by the benzene-saponln 
method previously described. This wool, 1 to 6 g., was 
placed In fifty volumes of water until thoroughly wet, 
oentrlfuged In a Book Centrifugal Extractor for one minute 
to remove most of this moisture, and placed In an Erlenmeyer 
flask containing fifty volumes (fifty times the oven-dry weight 
of the wool) of water or mordanting bath at room temperature. 
The flask was fitted to a water-cooled condenser and the 
contents of the flask were brought slowly to a boll and 
boiled for one hour. The water-treated wool or the mordanted 
wool was rinsed five times, each time In fifty volumes of 
distilled water, at room temperature and dried at room 
temperature. 
Each mordanting solution was made by dissolving a 
weighed portion of analyzed aluminum basic acetate, aluminum 
chloride, aliunlnum formate, aluminum lactate, alumlniua 
^-phenolsulfonate, aluminum sulfate, aluminum tartrate, 
potassium aluminum sulfate, or sodium aluminum tartrate In 
water and diluting Its solution to a definite volume. Before 
the wool was put In the bath, the pH of the mordanting 
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solution was determined at room temperature by means of a 
Cameron pK-^Meter In the Biophysical Laboratory of this 
department. The glass electrode of this instrument was 
calibrated against 0.05 M potassium hydrogen phliialate, 
pH 4,0. 
2. Treatment of wool with hydrochloric acld« 
Mordanted wool, or wool treated with water instead of 
with mordanting solution, was dried at room temperature and 
Immersed in a fifty-volume bath of 5.098 N hydrochloric acid 
at 40® 0. and kept at 40 ± 0.1® C. for ten hours in a 
DeKhotinsky Water Bath. The residual wool was rinsed until 
the rinse was free of chloride and dried at room temperature 
before analysis for weight, ash, aluminum oxide, totsJ. 
nitrogen, sulfate sulfur, and total sulfur. The means of 
four parallel determinations in each case are reported as 
percentage of original oven-dry prepared wool. Ten breaking-
strength strips were broken wet Immediately after rinsing. 
3. Treatment of wool with sodium hydroxide. 
The wool was treated according to the preceding pro­
cedure but with 0.1518_N sodium hydroxide Instead of 5.098 N 
hydrochloric acid. The residual wool was rinsed before 
analysis until neutral to phenolphthalein. 
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4. Treatment of wool with water* 
The wool was also treated with fifty-volumes of water. 
Instead of 5.098 H hydrochlorlo aold, according to this 
same procedure before analysis for weighty ash, aluminum 
oxide, total nitrogen, sulfate sulfur, and breaking strength. 
Quantitative Analytical Methods 
1. Weight of wool. 
Wool samples, with edges raveled to prevent loss of yarn 
were heated in weighing bottles in an electric oven at 105® 0 
for one~hour intervals until constant in wei^t. The covers 
of the weighing bottles were tilted v;hlle in the oven and 
replaced when the weighing bottles were removed to a 
desiccator. The method of tares was used in weighing. 
The moisture-free weight of a set of breaking-strength 
strips was computed from Its air-dry weight, the air-dry 
weight of a square of wool weired immediately afterward, 
and the weight of this square when dried until constant at 
105® 0. 
Before mordanting in baths, 0.0045 g. AI3O3 per gram of 
wool, half of the total number of wool samples was dried to 
constant weight at 105® 0, The volume of the mordanting 
bath for each of the other samples was based on its moisture-
free wei^t computed from the percentage of moisture found in 
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another sample of wool welded under the same conditions. 
2. Ash of wool, 
A two-gram to six-gram sample was placed In a porcelain 
crucible and Ignited until constant at the red heat of a 
muffle furnace, 600 to 700® 0, The ash Is reported as 
percentage of the original oven-dry wool, 
3. Aluminum oxide of wool. 
The ash of the mordanted wool was fused with potassium 
pyrosulfate and this fused mass was dissolved In water. Two 
grams of ammonium chloride and a few drops of Methyl Red 
were added, the solution was filtered, and brought to boil­
ing, Dilute ammonium hydroxide v/as added until the solution 
became a distinct yellow. The solution was boiled for one 
minute and filtered -Horough ashless filter paper (V/hatman 
number 41). The residue was washed with 2 per cent ammonium 
nitrate, dried, and Ignited until constant at the red heat of 
an electric furnace. The crucible was covered, placed In a 
desiccator until cool, and weighed. The aluminum oxide, 
computed as percentage of the original oven-dry wool. Is 
reported In Table I (21). 
The difference between the ash of wool mordanted with 
salts of aluminum and that treated similarly with water Is 
reported as aluminum oxide In Tables II and III. 
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4. Total nitrogen of wool« 
The residual air-dry wool from treatment with water, 
aluminum tartrate, hydrochloric acid, or sodium hydroxide 
was converted Into a colorless solution In a KJeldahl flask 
by 30 ml. of concentrated sulfuric add, a drop of mercury, 
and 10 g. of sodium sulfate. After cooling and diluting the 
solution with 350 ml, of water, a small piece of paraffin, 
100 ml. of 40 per cent sodium hydroxide, 20 ml. of 10 per 
cent potassium sulfide, and a piece of mossy zinc were added 
and the mixture was boiled until 200 ml. distilled Into a 
measured volume of standard hydrochloric acid. The excess 
of acid was titrated against standard sodium hydroxide with 
Methyl Red as Indicator, The reagents were analyzed for 
nitrogen (78). 
5, Sulfate sulfur of wool. 
A five-gram sample of wool was Immersed In 50 ml. of 
30 per cent hydrochloric acid and refluxed on a steam plate 
until dissolved. The solution was then cooled, diluted with 
50 ml. of water, and filtered. The filtrate was brought to 
boiling and stirred constantly while the sulfate was 
precipitated by dropwlse addition of 10 ml. of 10 per cent 
barium chloride. After twelve to fifteen hours on a steam 
plate, the barium sulfate was filtered through a weighed 
Gooch crucible, washed free of chloride, dried, and Ignited 
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In an electric furnace at 600 to 700® 0. until constant in 
weight (169). 
6. Total sulfur of wool. 
Two and a half grams of wool was dissolved In 100 ml. 
of a solution, one part by volume of concentrated nitric 
acid and two parts water, In a covered casserole on a steam 
plate. After the addition of 100 ml. of Benedlct-Denls 
reagent (54) the solution was evaporated to dryness and Its 
residue heated to dull redness until no more brown fumes 
were evolved. (For the analyses reported In Table XIV, In 
which the residue was fused over a Meker burner, the 
oasaeroles became so badly pitted that they could not be used 
again. It was found that by heating the residue slowly in 
an electric furnace and allowing It to cool gradually a 
casserole was but eCLlghtly pitted and could be used again.) 
The residue was dissolved In 100 ml. of 10 per cent hydro­
chloric acid and filtered. The filtrate was diluted to 375 ml. 
and heated to boiling, then with constant stirring and 
continued heating 25 ml. of a 10 per cent solution of barium 
chloride was added dropwise from a burette. After digestion 
for 12 to 15 hours on a steam plate, the barium sulfate v/as 
filtered into a weighed &oooh crucible or a sintered glass 
crucible, washed free of chloride, dried, and ignited in an 
electric furnace at 600 to 700® C. until constant In vrelght. 
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7* Breaking strength of wool. 
Strips of xirool were out 1.5 In. wide and 6 In. In the 
warp direction. These strips were raveled accurately to 
1 In. by taking approximately the same number of warp yarns 
from each edge. A strip was clamped between two sets, 
3 In. apart, of the two-Inch Jaws of a calibrated Scott 
Universal Tester. The lower Jaw moved downward at a speed 
of IS ^ 0.5 In. per minute until the strip was strained to 
breaking (8). 
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TABIJ: I 
EFFECT OP PIPET-VOLUME BATHS OF SOLUTIONS OF SOME ALUMINUM SALT 
ON THE WEIAHT AND ALUMINUM OXIDE OF WOOL 
Deteap-
mlna-
tlon 
number 
Mordanting ylutlon 
Concentra- pH Exhaus-
tlon 
gram AlnOa 
per gram of 
wool 
tlon 
peroent-
ageT" 
Air dry 
gram 
Wool 
Oven dry 
gram calou-
Xated 
A* Water 
lA O.OOOO 6.3-6*5 
2A 
3A 
4A 
5A 
Mean 
Deviation 
B, Aluminum baelo aoetate 
1A*» 0.00453 
8A 
3A 
4A 
5)3 
6B 
7B 
83 
Mean 
Deviation 
0. Aluminum chloride 
0.00450 
4.5 
4.0 
15 
37 
18 
S9 
36 
39 
35 
35 
38 
35 
38 
34 
33 
35 
33 
4.9133 
4.5448 
4*7163 
4.3414 
4.5093 
4.5333 
4.4763 
lA 
SA 
3A 
4A 
5B 
6B 
7B 
8B 
Mean 
Deviation 
• The reagents yielded a blank of 0.0005 g. 
** Parallel determlnatione are lettered alike. 
4.3681 
4.6860 
4.6334 
5.0334 
5.3615 
5.0743 
4.0830 
3.7819 
4.0131 
3.9630 
4*0076 
4.3664 
5*3380 
4.1354 
4.0900 
4.3797 
3.9854 
4.5998 
4.0449 
4.4456 
4.1130 
3.8766 
4.1314 
3.9579 
4.3461 
4.5618 
4.7694 
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IS 1 
I OP SOLUTIONS OF SOI<E ALUMINUM SALTS IN ONE HOUR'S BOILINd 
WEIGHT AND ALUMINUM OXIDE OP WOOL 
Wool 
Air dry Oven dry 
Mordanted wool 
Weight Aluminum oxide 
it- gram gram calou- gram percent- gram* percent-
™ ' '"If I •! • I 
lated age of age of 
wol wool 
4.0830 
3.7819 
4.0131 
3.9630 
4.0076 
4.0430 99.0 
3.7551 99.0 
3.9733 99.0 
3.9331 99.0 
3.9658 99.0 
99.0 
0.6 
0.00 
4.9133 
4.5448 
4;7163 
4.3414 
4.509S 
4.5333 
4.4763 
4.3684 
5•3380 
4.1354 
4.0900 
4.4456 4.4178 99.4 0.0036 0.07 
4.1130 4.0846 99.3 0.0074 0.17 
4.3304 99.1 0.0040 0.08 
5.1838 99.3 0.0073 0.13 
3.8766 3.8341 98.9 0.0068 0.16 
4.1314 4.0753 98.9 0.0058 0.13 
4.083,9 98.8 0.0053 0.11 
4.0435 98.9 0.0051 0.11 
99.1 . 0.19 
"TO 0.63 
4.3681 
4.6860 
4.8334 
5.0334 
5.8615 
5.0743 
4.3797 
3.9854 
4.5998 
4.0449 
3.9579 3.9510 99.8 0.0055 0.13 
4.3461 4.3384 99.8 0.0053 6.11 
4.3601 99.6 0.0060 0.13 
3.9674 99.5 0.0048 0.11 
4.5618 4.5397 99.5 0.0050 0.10 
4.7694 4.7533 99.6 0.0058 0.11 
4.5746 99.5 0.0053 0.10 
4.0167 99.3 
99.6 0.11 
6.1 6.61 
0.0005 g. 
ered alike. 

TABLE I. (Continued) 
Detei> 
mlna-
tion 
Mordanting solution Wool 
Oonoentra-
tlon 
pH 
number gram AlaOa 
£e^-£pSLo£ 
wool 
Exhaus­
tion 
percent­
age 
Air da?y Oven dry 
gram gram calcu­
lated 
D.. Aluminum formate 
lA . 0.00454 4.8 33 4.7519 4.3054 
3A 36 4.6930 4.3519 
3A 37 4.5410 4.1143 
4A 35 5,3637 
5B S3 3.6031 3.3037 
6B 16 3.7394 3.4195 
7B 17 3.4830 3.1964 
8B 37 3.6109 3.3076 
Mean 23 
Deviation 
E. Aluminum lactat e 
lA 0.00450 3.8 39 4,3708 3.9048 
•3A 41 4.580& 4.1880 
3A 35 4.4633 4.0801 
4A 35 4.5050 4,1180 
5B 2lx 4.3176 4.0396 
6B 35 4.1637 3.8859 
7B 34 4.0876 3.8089 
SB 34 4.1746 3.9034 
Mean 36 
Deviation 2 
X Rejected observation 
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Wool Mordanted wool 
Air dry Oven dry Weight Aluminum oxide 
Kram Kram calcu­ Kram Percent­ gram* percent­
lated age of age of 
wool wool 
4.7519 4.3054 4.2773 99.4 0.0048 0.10 
4.;6930 4.2519 4.2283 99.4 0.0055 0.12 
4.5410 4.1143 4.0799 99.3 0.0056 0.12 
5.2637 5.2362 99.3 0.0064 0.11 
3.6031 3.3037 3.2797 99.3 0.0039 0.10 
3.7394 3.4195 3.3953 99.3 0.0030 0.07 
3.4830 3.1964 3.1719 99.2 0.0030 0.08 
3.6109 3.3076 3.3799 99.2 0i0045 0.12 
99.3 0.10 
0.1 6.02 
4.2708 3.9048 3.8735 99.3 0.0073 0.17 
4.5805 4.1880 4.1534 99.2 0.0082 0.18 
4.4623 4.0801 4.0441 99.0 0.0069 0.16 
4.5050 4.1180 4.0783 99.0 0.0070 0.16 
4.3176 4.0296 4.0081 99.5 0.0043 0i09x 
4.1637 3.8859 3.8589 99.3 0.0066 0.16 
4.0876 3.8089 3.7835 99.3 0.0064 0.16 
4.1746 3.9024 3.8805 99.4 0.0065 0.15 
99.2 0.16 
0.1 TjTST 
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TABLE 1. (Oont inu ed) 
Deter­
mina­
tion 
number 
Mordanting solution 
Conoentra^ 
tlon 
gram AlgOa 
per gram § i  
wool 
PH Exhaus­
tion 
percent' 
age 
Air dry 
gram 
Wool 
Oven dry 
mB oalcu-
lated 
P. Aluminum potassium sulfate 
0.00450 3.9 lA 
3A 
3A 
4A 
5B 
6B 
7B 
8B 
9P 
100 
110 
120 
13D 
14D 
15D 
16D 
Mean 
Deylation 
Q-. Aluminum sodium tartrate 
lA 
3A 
3A 
4A 
5B 
6B 
7B 
6B 
Mean 
Deviation 
0.00450 6.6 55 
59 
60 
55 
64 
58 
60 
73x 
59 
4.5751 
4.4737 4.0517 
4.7934 
83 4. 5311 
80 3. 9461 
84 3. 7258 
3. 9058 3.5941 
82 4. 0420 3.7274 
80 3.9991 
84 4.3275 
68 4.0837 
69 
3.9956 
2.6222 
67 2.6461 
73 2.5124 
76 2.2964 
77 
6.1001 
6.0671 
6.5453 
6.4249 
5.9926 
2.3827 
2.3190 
2.6818 
4.1432 
4.1034 
3.6352 
3.4322 
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Air dry 
gram 
•Wnnl- Mordanted wool 
Oven dry Weight Aluminum oxide 
gram oalou-
lated 
gram percent-
Rge of 
wool 
gram* percent-
age of 
wool 
4.5751 
4.4737 
4.5311 
3.9461 
3.7258 
3.9058 
4.0420 
4.1432 4 .1652 100.5 
4.0517 4.1682 100.4 
4.7934 4.8050 100.2 
4.1034 4.1228 100.5 0.0158 0.37 
3.6352 3.6486 100.4 0.0135 0.36 
3.4322 3.4485 100.5 0.0135 0.38 
3.5941 3.6072 100.4 
3.7274 3.7458 100.5 0.0142 0.37 
3.9991 4.0205 100.5 0.0149 0.36 
4.3275 4.3478 100.5 0.0168 0.38 
4.0837 4.1022 100.5 0.0130 0.31 
3.9956 4.0192 100.6 
2.6222 2.6262 100.2 0.0087 0.31 
2*6461 2.^83 100.1 0.0085 0.30 
2.5124 2.5146 100.1 0.0089 0.33 
2.2964 2.2976 100.1 0.0084 0.34 
100.4 0.35 
0.1 0^ 
6.1001 6.0682 99.5 0.0157 0.25 
6.0671 6.0340 99.5 0.0166 0.27 
6.5453 6.5147 99.5 0.0181 0.27 
6.4249 6.3895 99.4 0.0164 0.25 
5.9926 5.9608 99.5 0.0179 0.29 
2.3827 2.3694 99.4 0.0067 0.26 
2.3190 2.3038 99.3 0.0067 0.27 
2.6818 2.6672 99.5 0.0092 0.32X: 
99.5 0.27 
b.l "^ 7^  
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TABLE I. (Continued) 
Detea?-
mlna-
tlon 
number 
Mordanting solution 
Conoentra- pH Exhaus--
tlon tlon 
gram AlaOa 
per gram of 
wool 
Percent-
MS 
Air 
gram 
Wool 
Oven dry 
gram oalou-
TSieT 
H. Aluminum sulfate 
lA 
2A 
3A 
4A 
5B 
6B 
7B 
8B 
9C 
100 
110 
120 
13D 
14D 
15D 
16D 
Mean 
Deviation 
0.00450 3,7 
74 
71 
71 
77 
76 
64 
64 
68 
71 
69 
71 
3 
4.4589 
4.5619 
4,8408 
4,4075 
4.0592 
3.9623 
4.0355 
4,3860 
4.6427 
3.6523 
3.7115 
4.3525 
5.1403 
4.9450 
4.2896 
2.1817 
2.8014 
2.5845 
2.5911 
4.0400 
4.1333 
3.7269 
3.7377 
I. Aluminum tartrate 
lA 
2A 
3A 
4A 
5B 
6B 
7B 
8B 
Mean 
Deviation 
0.00424 3.7 
83 
80 
85 
78 
86 
86 
77 
8S 
3 
4.3387 
4.3115 
4.0949 
4.3568 
4.2054 
4.2250 
4.3387 
4.1680 
3.7457 
3.9847 
3.9650 
3.8124 
3.9686 
3.8523 
3.8450 
3.8629 
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3- Air dry 
Wool 
Oven dry 
Mordanted wool 
Weight Aluminum oxide 
at- ffram Rram calcu­
lated 
pcram percent-
as© 
wool 
RTam* percent 
affe or, 
wool 
4.4589 4.0400 4.0503 100.3 
4,5619 4.1333 4.1488 100.4 0.0143 0.33 
4^8408 4.3860 4.4037 100.4 0.0145 0.32 
4.6437 4.6573 100.3 
4.4075 3.7369 3.7411 100.4 
4.0593 3.7377 3.7516 100.4 
3.9633 3,6533 3.6730 100.5 0.0133 0.33 
4.0355 3.7115 3.7363 100.4 
4.3535 • 4.3689 100.4 0.0156 0.35 
5.1403 5.1633 100.4 ' 
4.9450 4.9708 100.5. 0.0173 0.34 
4.3896 4.3048 100.4 0.0138 0.39 
3.1817 3.1803 99.9 0.0066 0.38 
3.8014 3.8057 100.3 0.0091 0.31 
. 3.5845 3.5837 99.9 0.0087 0.33 
3.5911 3.5879 99.9 0.0085 0.31 
100.3 0.33 
0.3 0.b3 
4.3387 3.9686 3.9641 99.9 
4.3115 3.8533 3.8406 99.7 0.0140 0.35 
4.0949 3.7457 3.7388 99.8 0.0133 0.34 
4.3568 3.9847 3.9834 100.0 0.0149 0.36 
4.3054 3.8450 3.8481 100.1 0.01i33 0.33 
4.3350 3.8639 3.8596 99.9 0.0146 0.37 
4.3387 3.9650 3.9333 100.0 0.0150 0.37 
4.1680 3.8134 3.8056 99.8 0.0130 0.33 
99.9 0.35 
0.1 o.ol 
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TABLE II 
ALUMINUM OXIDE DEPOSITED IN WOOL BY ONE HOUR'S BOILING 
IN FIFTY-VOLUME BATHS OF SOME SALTS OF ALUMINUM 
Deter­
mina­
tion 
number 
Mordanting aolutlon 
Conberi- pH Exhaus-
tratlon 
gram of 
AlflOa per 
gram or 
wool 
tlon 
percent­
age 
Wool 
gram 
Ash of mordanted 
v/ool 
Sim percent-
a^e of 
wool 
A. Water 
1A« 0.0000 6.3-6.5 4.3198 0.0038 0.09 
2A 5.4023 0.0050 0.09 
3B 5.8357 0.0044 0.08 
4B 3.8040 0.0033 0.09 
50 3.5809 0.0028 0.08 
60 2.7008 0.0022 0.08 
7D 4.0820 0.0029 0.07 
8D 3.7819 0.0029 0.10 
9D 4.0121 0.0030 0.07 
lOD 3.9630 0.0028 0.07 
IID 4.0076 0.0029 0.07 
Mean 0.08*«-
Deviation o.ol 
B, Aluminum basic acetate 
lA 0.0045 4.5 27 4.4456 0.0087 0.12 
2A 24 4.1130 0.0077 0.11 
3A 20 4.2684 0.0074 0.09 
4A 24 5.2280 0.0097 0.11 
5B 20 3.8766 0.0066 0.09 
6B 22 4.1214 0.0073 0.10 
7B 20 4.1354 0.0070 0.09 
8B 15 4.0900 0.0063 0.07 
Mean 22 0.10 
Deviation 3 0.01 
* Parallel determinations are lettered alike. 
** This value Is subtracted from the values obtained for the ash 
of the mordanted wool. 
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TABLE II. (Continued) 
Deter- Hordantinja; solution 
mlna- Goncen^^^ pH Exhaus-
tlon tratlon tlon 
Wool Ash of mordanted 
wool 
number p:raM of 
h.^Oa per 
gram of 
v;ool 
percent- gram peroent-
nge of 
wool 
lA 0.0106* 14 3.4549 
2A 11 3.1691 0.0063 0.12 
Mean 13 0.14 
Deviation S 0.02 
lA 0.0370» 4. 6 8 3.3750 0.0120 0.28 
3A 15 3.4001 0.0210 0.54 
Mean 12 0.41 
Deviation 6.13 
C. Aluminum chloride 
lA 0.0045 4» 0 .CO 3.9571 0.0068 0.09 
2A 16 4.2461 0.0065 0.07 
3A 16 4.3797 0.0066 0.07 
4A 16 3.9854 0.0059 0.07 
5B 16 4.5619 0.0068 0.07 
6B 13 4.7695 0.0068 0.06 
7B 16 4.5998 0.0070 0.07 
Mean 16 0.07 
Deviation I 0.00 
lA 0.0075 12 3.2797 0.0057 0.09 
3A 13 3.5148 0.0062 0.10 
Mean 13 0.10 
Deviation 1 6.61 
lA 0.0100 3. 7 10 3.4344 0.0062 0.10 
2A 11 3.5025 0.0067 0.11 
Mean 11 0.11 
Deviation "T 0.01 
* Aluminum hydroxide precipitated In the mordanting bath. 
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TABLE II» (Continued) 
Deter­
mina­
tion 
Mordanting solution 
Coneen- pH Exhaus-
tration tion 
number gram of 
AlflOa per 
gram or 
wool 
peroent-
apce 
Wool 
gram 
Ash of mordanted 
wool 
gram percent-
age of 
wool 
lA 
SA 
Mean 
Deviation 
lA 
2A 
3B 
4B 
Mean 
Deviation 
0.0175 3.6 
0.0375 3.4 
10 
9 
10 
T 
3 
4 
4 
3 
4 
1 
3.1088 
3.4555 
3.5244 
3.5469 
2.6196 
2.7247 
0.0078 
0.0084 
0.0067 
0.0079 
0.0064 
0.0057 
0.17 
0.16 
0.17 
0.11 
0.14 
0.16 
0.13 
0.14 
0.02 
D. Aluminum formate 
lA 0.0045 4.2 11 4.3052 0.0058 0.05 
2A 13 4.2519 0.0060 0.06 
3A 15 4.1143 0.0061 0.07 
4A 15 5.2637 0.0078 0.07 
5B 18 3.3037 0.0054 0.08 
6B 15 3.4195 0.0051 0.07 
7B 13 3.1964 0.0046 0.06 
8B 15 3.3076 0.0050 0.07 
Mean 14 0.07 
Deviation 2 0.01 
lA 0.0099 4.0 9 3.3029 0.0056 0.09 
2A 9 3.2549 0.0055 0.09 
Mean 9 0.09 
Deviation 0 0.00 
lA 0.0173 4.0 7 3.7830 0.0077 0.12 
2A 6 3.9773 0.0077 0.11 
Mean 7 0.12 
Deviation 1 0.01 
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TABLE II. (continued) 
Detei»-
mina-
tlon 
numb er 
Mo rdantlng solution 
Coricon^ "pH Exlraus-
tration tlon 
gram of 
AlgOa per 
wool 
Percent" 
Wool 
gram 
Ash of mordanted 
wool 
gram percent­
age of 
wool 
lA 
2A 
•Mean 
Deviation 
0.0247 3.9 5 
6 
6 
1 
4.0347 
3.6674 
0.0083 
0.0083 
0.13 
0.15 
0.14 
lA 
3A 
Mean 
Deviation 
0.0370 3.8 5 
5 
5 
V 
3.6471 
3.7060 
0.0092 
0.0095 
0.17 
0.18 
0.18 
0.01 
E. Aluminum lactate 
lA 0.0045 3:8 20 3.9043 0.0068 0.09 
3A 20 4.1874 0.0070 0.09 
3A 24 4.0801 0.0077 0.11 
4A 27 4.1180 0.0081 0.12 
5B 24 4.0296 0.0075 0.11 
6B 29 3.8860 0.0081 0.13 
7B 24 3.8089 0.0073 0.11 
8B 24 3.9024 0.0075 0.11 
Mean 24 0.11 
Deviation 2 O.Ol 
lA 0.0099 3.6 22 3.2520 0.0099 0.22 
3A 22 3.2126 0.0096 0.22 
3B 25 4.3250 0.0141 0.25 
4B 25 3.6415 0.0120 0.25 
Mean 24 0.24 
Deviation 2 0.02 
lA 0.0173 3.5 23 3.8671 0.0180 0.39 
2A 23 3.8000 0.0182 0.40 
3B 22 3.7287 0.0172 0.38 
4B 2S 4.5677 0.0210 0.38 
Mean 23 0.39 
Deviation 1 O.Ol 
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TABLE II. (Continued) 
Deter­
mina­
tion 
nuralDer 
Mordanting' solution 
done en- pH Elxhaue-
tration 
gram of 
AlaOa per 
wool 
tlon 
percent-
Wool 
^ram 
Asli of mordanted 
wool 
gram percent­
age of 
wool 
lA 
2A 
3B 
4B 
Mean 
Deviation 
0.0247 3.5 31 
21 
30 
21 
21 
0 
4,1502 
4.1086 
4.6532 
3.7910 
0.0249 
0.0243 
0.0271 
0.0229 
0.52 
0.51 
0.50 
0.53 
0.51 
oToI 
lA 
2A 
3B 
4B 
Mean 
Deviation 
lA 
2A 
3B 
4B 
Mean 
Deviation 
lA 
2A 
3B 
4B 
Mean 
Deviation 
0.0370 3.4 
0.0493 
0.0740 3.3 
15 
16 
16 
17 
16 
1 
14 
14 
13 
14 
14 
0 
11 
11 
10 
10 
11 
1 
3.3751 
3.5360 
4.0254 
4.1624 
4.0853 
4.1777 
3.7332 
3.6508 
3.6329 
3.7280 
3.7817 
3.8742 
0.0216 
0.0230 
0.0276 
0.0294 
0.0317 
0.0328 
0.0277 
0.0274 
0.0320 
0.0344 
0.0312 
0.0307 
0.56 
0.59 
0.61 
0.63 
0.60 
"02 
0.70 
0.71 
0.66 
0.67 
0.60 
0.02 
0.80 
0.83 
0.75 
0.71 
0.77 
0.04 
P. Aluminum p-phenolsulfonate 
lA 
3A 
3A 
4A 
Mean 
Deviation 
0.0045 3.9 33 
36 
33 
33 
34 
T 
3.9445 
3.8283 
3.7020 
3.8890 
0.0090 
0.0090 
0.0086 
0.0090 
0.15 
0.16 
0.15 
0.15 
0.15 
o7do 
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TABLE II, (Continued) 
Deter- Mordanting solution Wool Ash of mordanted 
mlna- Coneen- pH Exhaus­ wool 
tlon tratlon tion 
number Kram of percent- f^ram gram percent­
AlaOa per age age of 
gram of wool 
wool 
lA 0.0099 3.7 22 3.7932 0.0115 0.22 
8A 23 3.2024 0.0099 0.23 
3A 22 2.5600 0.0076 0.22 
4A 22 2.4479 0.0074 0.22 
Mean 22 0.^2 
Deviation 15 0.00 
lA 0.0173 3.6 17. 3.0031 0.0110 0.29 
3A 14 3.0995 0.0102 0.25 
3B 13 2.4047 0.0075 0.23 
4B 14 2.6374 0.0085 0.24 
Mean 15 0.25 
Deviation 2 O.02 
lA 0.0247 3.5 12 3.6354 0.0138 0.30 
3A 11 3.9355 0.0142 0.28 
3A 11 3.8703 0.0140 0.28 
4A 12 3.8070 0.0142 0.29 
Mean 12 0.29 
Deviation "I 0.61 
lA 0.0370 3.4 7 3.5099 0.0120 0.26 
8A 6 2.4175 0.0077 0.24 
3A 6 2.4359 0.0073 0.22 
4A 6 2.3331 0.0072 0.23 
Mean 6 0.24 
Deviation 0 O.Ol 
G-. Aluminum potassium sulfate 
lA 0.0025 4.0 69 3.8422 0.0094 0.17 
SA 69 3.7842 0.0094 0.17 
3B 65 3.8833 0.0093 0.16 
4B 65 3.7138 0.0090 0.16 
Mean 67 0.17 
Deviation 0 O.Ol 
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TABLE II, (Continued) 
Deter­
mina­
tion 
Mordanting solution 
Coneen- pH Exhaue-
tratlon tlon 
Wool Ash of mordanted 
wool 
number gram of 
AlaOa per 
gram of 
wool 
percent-
Mi 
gram gram percenl 
age of 
wool 
lA 0.0045 3.9 67 4.1034 0.0157 0.30 
2A 69 4 .1432 0.0162 0.31 
3A 64 4.0517 0.0149 0.29 
4B 67 3.6351 0.0137 0.30 
5B 64 3.4322 0.0132 0.29 
6B 69 3.5941 0.0133 0.31 
7B 67 3.7274 0.0141 0.30 
80 69 3.9991 0.0156 0.31 
90 71 4.3275 0.0173 0.32 
100 69 4.0837 0.0161 0.31 
110 69 3.9956 0.0157 0.31 
12D 60 2.6222 0.0091 0.27 
130 60 2.6461 0.0093 0.27 
14D 64 2.5124 0.0094 0.29 
15D 60 2.2964 0.0080 0.27 
Mean 66 0.30 
Deviation 3 O.Ol 
lA 0.0074 65 3.6496 0.0204 0.48 
3A 74x 3.4772 0.0220 0.55x 
3B 55 3.3973 0.0165 0.41 
4B 61 3.7253 0.0198 0.45 
Mean 60 0.45 
Deviation 4 O.02 
lA 0.0099 3.6 57 4.6097 0.0297 0.56 
2A 60 4.5830 0.0309 0.59 
3B 60 3.6515 0.0243 0.59 
4B 55 3.7499 0.0231 0.54 
Mean 58 0.57 
Deviation 2 0.02 
X Rejected observation 
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TABLE II. (Continued) 
Deter­ Mordanting solution Wool Ash of mordanted 
mina­ Conoen- pH Exhaus­ wool 
tion tration tion 
number gram of percent- gram gram percent­
AlaOa per age of 
gram of v/ool 
wool 
lA 0.0148 44 4.6592 0.0340 0.65 
2A 45 4,7764 0.0357 0.67 
3B 39x 3.7739 0.0244 0.57X 
4B 44 3.7338 0.0271 0.65 
Mean 44 0.66 
Deviation 0.01 
lA 0.0173 3.5 42 3.7196 0.0297 0.72 
8A 41 3.9721 0.0313 0.71 
3A 40 4.0423 0.0313 0.69 
4A 42 3.4898 0.0283 0.73 
5B 44 3.2594 0.0190 0.76 
6B 39 2.4184 0.0184 0.68 
Mean 41 0.72 
Deviation 0.02 
lA 0.0197 35 4.3809 0.0335 0.69 
2A 35 4.4893 0.0350 0.70 
3B 29 3.7660 0.0246 0.57 
4B 31 3.6931 0.0255 0.61 
50 32 3.9313 0.0282 0.64 
60 35 3.7808 0.0295 0.70 
Mean 33 0.65 
Deviation 2 0.05 
lA 0.0247 27 4.6992 0.0347 0.66 
2A 30 4.3254 0.0348 0.73 
3B 22 3.6567 0.0225 0.54 
4B 21 3.3125 0.0195 0.51 
50 31 3.7603 0.0320 0.77 
60 32 3.6563 0.0319 0.79 
7D 25 2.6508 0.0184 0.61 
8D 23 2.6842 0.0173 0.56 
Mean 26 0.65 
Deviation 4 0.0& 
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TABLE II. (Continued) 
Deter­
mina­
tion 
number 
Mordanting aolutlon 
Coneen- Exhaue-
tratlon 
gram of 
MaOa per 
gram of 
wool 
tion 
percent-
V/ool Ash of mordanted 
v/ool 
gram gram percent-
as®, of 
wool 
lA 0.0296 34 4.3631 0.0336 0.71 
SA 24 4.4296 0.0353 0.72 
3B 19 " 3.9897 0.0251 0.55 
4B 19 3.4795 0.0219 0.55 
50 23 3.4710 0.0265 0.68 
60 34x S.5231 0.0276 l.Olx 
Mean 22 0.64 
Deviation 2 O.OT' 
lA 0.0370 3.5 15 4.1398 0.0263 0.56 
2A 16 4.2340 0.0284 0.59 
3B 14 5.0828 0.0311 0.53 
43 13 3.1819 0.0174 0.47 
50 15 3.6688 0.0238 0.57 
60 18 3.4181 0.0256 0.67 
7D 18 2.7991 0.0205 0.65 
SD 15 2.6394 0.0165 0.55 
Mean 16 0.57 
Deviation 2 0.O5 
lA 0.0740 3.2 18 3.5140 0.0500 1.34 
2 k  18 3.7075 0.0535 1.36 
3B 15x 3.7236 0.0435 1.09x 
4B 17 2.8072 0.0380 1.27 
50 18 2.2414 0.0316 1.33 
60 17 2.2714 0.0310 1.28 
Mean 18 1.32 
Deviation ~C5 0.03 
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TABLE II. (Continued) 
Deter- Mordanting solution 
mlna- Gone en- pH Exliaus-
tlon tratlon tlon 
number <?ram of peroent-
AlflOs per age 
gram of 
wool 
sss9M=s=sQacacasst 
Wool 
ffram 
Aah of mordanted 
wool 
frram peroent-
age of 
wool 
H. Aluminum sodium tartrate 
lA 0*0045 6.6 51 6.1001 0.0187 0.33 
2A 51 6.0671 0.0186 0.33 
3A 51 6.5453 0.0301 0.33 
4A 44 6.4349 0.0180 0.30 
5A 49 5.9936 0.0179 0.33 
6A 49 3.3837 0.0073 0.33 
7A 55 3.3190 0.0076 0.35 
8A 53 3.6818 0.0087 0.34 
Mean 50 0.33 
Deviation 3 0.01 
lA 0.0370 7.3 3 3.9371 0*0083 0.13 
3A 3 3.9881 0.0077 0.11 
3A 3 4.0903 0.0081 0.13 
4A 3 3.9387 0.0067 0.09 
Mean 3 0.11 
Deviation 0 0.01 
I. Aluminum sulfate 
lA 0.0045 3.7 49 4.0398 0.0130 0.33 
3A 64 4.1331 0.0153 0.39 
3A 53 4.3860 0.0138 0.34 
4A 49 4.6437 0.0141 0.33 
5B 63 3.7369 0.0133 0.38 
6B 58 3.7377 0.0138 0.36 
7B 60 3.6533 0.0138 0.37 
8B 58 3.7115 0.0136 0.36 
90 64 4.3535 0.0163 0.39 
IOC 63 5.1403 0.0183 0.38 
110 67 4.9450 0.0186 0.30 
ISC 63 4.3896 0.0155 0.38 
13D 58 3.1817 0.0075 0.36 
14D 56 3.8014 0.0093 0.35 
15D 56 3.5845 0.0085 0.35 
16D 56 3.5911 0.0085 0.35 
Mean 58 0.36 
Deviation "If 0.03 
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TABLE II. (Continued) 
Deter- Mordantlnp: aolutlon Wool Ash of mordanted 
mlna- Cohoen- PH Exliaus- wool 
tlon tratlon tlon 
number gram of peroent- ffram Kram percent™ 
AlnOa per MSS. affe of 
Kram of wool 
wool 
lA 0.0074 54 3.6595 0.0175 0.40 
3A 58 3.4086 0.0173 0.43 
Mean 56 0.42 
Deviation 2 0.02 
lA 0.0099 3.6 54 3.5126 0.0214 0.53 
2A 40x 3.6282 0.0171 0.39x 
3B 55 2.6767 0.0165 0.54 
4B 51 2.7702 0.0162 0.50 
Mean 53 0.52 
Deviation 2 0.02 
lA 0,0148 40 2.6682 0.0178 0.59 
3A 43 3.6947 0.0266 0.64 
Mean 42 0.62 
Deviation 2 0.03 
lA 0.0173 3.5 32 2.6692 0.0170 0.56 
2A 33 2.6166 0.0169 0.57 
3A 34 2•6845 0.0181 0.59 
4B 39 3.7330 0.0282 0.68 
50 41 3.3462 0.0261 0.70 
60 44 3.5426 0.0294 0.75 
Mean 37 0.64 
Deviation 4 otS? 
lA 0.0197 33 3.8580 0.0287 0.66 
2A 35 2.9577 0.0230 0.70 
Mean 34 0.68 
Deviation 1 6.02 
lA 0.0247 3.4 27 3.7706 0.0283 0.67 
2A 28 3.7580 0.0292 0.70 
3B 25 3 .1368 0.0220 0.62 
4B 26 3.8298 0.0371 0.63 
50 23 2.7151 0.0175 0.56 
60 23 2.7200 0.0178 0.57 
Mean 25 0.03 
Deviation 2 0.04 
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TABUS II. {Continued) 
Deter- Mordanting solution 
mlna- Conoen- pH Exhaus-
tlon tratlon tlon 
number gram of 
AlaOa per 
gram of 
wool 
percent-
Wool 
gram 
Ash of mordanted 
wool 
gram percent" 
age of 
wool 
lA 
2A 
3B 
Mean 
Deviation 
lA 
2A 
3B 
4B 
Mean 
Deviation 
0.0296 
0.0370 3.3 
lA 
2A 
3B 
4B 
Mean 
Deviation 
0.0740 3.2 
23 
24 
19 
22 
2 
14 
15 
17 
16 
16 
~1 
3 
4 
4 
4 
4 
0 
3.0927 
3.0624 
2.7287 
4.7922 
3.7835 
3.1628 
3.8131 
3.8702 
3.8576 
3.8657 
3.8750 
0.0236 
0.0238 
0.0173 
0.0291 
0.0238 
0.0220 
0.0250 
0.0123 
0.0136 
0.0132 
0.0143 
0.68 
0.70 
0.55 
0 .64 
OT^ 
0.53 
0.55 
0.62 
0.58 
0.57 
0.03 
0.24 
0.27 
0.26 
0.29 
0.27 
0.02 
J. Aluminum tartrate 
lA 0 .0025 3. 7 77 3.6210 0.0098 0.19 
2A 69 3.4562 0.0087 0.17 
3B 57 3.9474 0.0086 0.14 
4B 61 4.0561 0.0094 0.15 
Mean 66 0.16 
Deviation "7 0.02 
lA 0 .0042 3. 7 66 3.9686 0.0143 0.28 
2A 66 3.8523 0.0137 0.28 
3A 66 3.7457 0.0133 0.28 
4A 68 3.9847 0.0146 0.29 
5B 73 3.8450 0.0150 0.31 
6B 75 3.8629 0.0155 0.32 
7B 71 3.9650 0.0152 0.30 
8B 66 3.8124 0.0138 0.28 
Mean 69 0.29 
Deviation T 0.01 
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TABLE II. (Continued) 
Deter­ Mordanting solution Wool Ash of mordanted 
mina­ Oonoen- pH Exhaus­ wool 
tion tration tion 
number Kram of percent- gram gram percent­
AlaOa per age of 
ffram of wool 
wool 
lA 0.0074 70 3.6140 0.0217 0.52 
2A 69 3.5956 0.0211 0.51 
3B 59 3.9544 0.0206 0.44 
4B 61 3.9908 0.0211 0.45 
Mean 65 0.48 
Deviation ~5 o.o4 
lA 0.0099 3.4 68 3.8445 0.0287 0.67 
3A 66 3.7086 0.0268 0.65 
3B 62 4.2850 0.0294 0.61 
4B 59 4.3009 0.0283 0.58 
50 58 4.1560 0.0272 0.57 
60 72 3.0495 0.0242 0.71 
Mean 64 0.63 
Deviation 0.05 
lA 0.0123 64 3.6258 0.0315 0.79 
2A 62 3.4305 0.0287 0.76 
3B 58 4.1740 0.0333 0.72 
4B 60 4.2848 0.0353 0.74 
Mean 61 0.75 
Deviation 2 0.02 
lA 0.0148 55 3.8953 0.0348 0.81 
3A 59 3.6698 0.0347 0.87 
3B 51 3.9314 0.0326 6.75 
4B 53 3.8933 0.0336 0.78 
50 62 2.9679 0.0297 0.92 
60 62 2.9957 0.0300 0.92 
Mean 57 0.84 
Deviation 6.06 
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TABLE II. (Continued) 
Deter- Mordanting solution 
mlna- Concen- pH Exhaua-
tion tratlon tlon 
V/ool Ash of mordanted 
wool 
number gram of 
MaOa per 
gram or 
wool 
peroent" gram gram percent­
age of 
wool 
lA 0.0173 3.4 56 
2A 59 
3B 50 
4B 53 
5C 58 
60 59 
Mean 56 
Deviation 3 
lA 0.0197 54 
£A 57 
3B 51 
4B 51 
50 69x 
60 60 
Mean 55 
Deviation 3 
lA 0.0288 59 
2A 58 
3A 54 
4B 412 
5B 49 
60 55 
70 55 
Mean 55 
Deviation 2 
lA 0.0247 3.3 50 
2A 52 
3B 53 
4B 54 
Mean 52 
Deviation 1 
4.0343 0.0419 0.96 
3.9892 0.0435 1.01 
3.8258 0.0364 0.87 
3.9441 0.0391 0.91 
3.1204 0.0337 1.00 
3.2315 0.0357 1.02 
0.96 
0.05 
3.6105 0.0416 1.07 
3.2222 0.0386 1.12 
3.9084 0.0425 1.01 
4.0533 0.0440 1.01 
3.0341 0.0438 1.36x 
3.8391 0.0483 1.18 
1.08 
0.06 
3.4553 0.0476 1.30 
3.5623 0.0487 1,29 
3.8905 0.0493 1.19 
3.8197 0.0383 0 , 9 8 x  
3.5935 0.0422 1.09 
4.0172 0.0519 1.21 
3.7870 0.0491 1.22 
1.22 
0.05 
3.6012 0.0468 1.22 
3.5723 0.0484 1.28 
4.0801 0.0564 1.30 
3.9332 0.0553 1.33 
1.28 
0.03 
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TABLE II. (Continued) 
Deter- ^^oroantlng solution Wool Ash of mordanted 
mlna- Conoen- pH Exhaus­ wool 
tlon tratlon tion 
number gram of percent- gram ffram percent­
AlaOa per age of 
f?ram of wool 
wool 
lA 0.0271 51 3.4985 0.0512 1.38 
2A 53x 3.6659 0.0560 1.45X 
3B 51 4.1594 0.0613 1.39 
4B 51 4.0396 0.0588 1.38 
Mean 51 1.38 
Deviation 0 0.00 
lA 0.0396 48 3.7663 0.0565 1.43 
2A 48 3.4714 0.0521 1.42 
3A 46 S.1719 0.0460 1.37 
4B 50 3.8137 0.0593 1.47 
5B 46 3.8095 0.0550 1.36 
Mean 48 1.41 
Deviation 1 0.03 
lA 0.0345 36x 3.7825 0.0496 1.23X 
3A 43 3.4641 0.0543 1.49 
3B 43 3.6983 0.0581 1.49 
4B 43 3.5945 0.0559 1.47 
Mean 43 1.48 
Deviation TO5I 
lA 0.0370 3.3 42 2.6145 0.0430 1.56 
2A 42 2.3234 0.0382 1.56 
3B 40 3.7767 0.0585 1.47 
4B 41 3.8808 0.0626 1.53 
5B 39 6.3029 0.0970 1.46 
6B 39 6.3536 0.0961 1.43 
7B 39 6.1915 0.0947 1.45 
80 46 2.5583 0.0457 1.71 
90 47 2.6950 0.0490 1.74 
10 D 45 2.9489 0.0513 1.66 
IID 45 3.0393 0.0531 1.67 
Mean 42 1.57 
Deviation ""3 0.09 
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TABLE II. (Continued) 
Deter- Mordanting aolutlon 
mlna- Conoen- pH Exhaue-
tlon tratlon tlon 
Wool Ash of mordanted 
wool 
number gram of 
AlaOa per 
gram of 
wool 
percent- gram gram percent­
age of 
wool 
lA 
3A 
Mean 
Deviation 
0.0384* 38 
41 
40 
3.8395 
3.9469 
0.0586 
0.0657 
1.45 
1.58 
1.53 
oTdf 
lA 
2A 
Mean 
Deviation 
0.0419* 37 
37 
37 
0 
3.9704 
3.9532 
0.0642 
0.0653 
1.54 
1.57 
1.56 
07U2 
lA 
2A 
Mean 
Deviation 
0.0444* 35 
37 
36 
1 
3.7510 
3.7924 
0.0607 
0.0651 
1.54 
1.64 
1.59 
0.0^  
lA 
2A 
Mean 
Deviation 
0.0468* 35 
35 
35 
0 
3.7103 
3.8237 
0.0644 
0.0657 
1.66 
1.64 
1.65 
0.01 
* The aluminum tartrate at these concentrations did not dissolve 
completely until boiled with the wool. 
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TABLE III 
EFFECT OF HYDROGEN-ION CONCENTRATION ON THE ALUMINUM OXIDE* 
DEPOSITED IN WOOL DURING ONE HOUR'S BOILING IN FIFTY-VOLUM 
BATHS OF SOME SALTS OF ALUMINUM**. 
Determlna- Mordanting solution V/ool Mordanted wool 
tlon 
pH Exhaustion Ash Aluminum 
oxide 
number percentage gram gram percentage 
o f  wool 
A. Aluminum potassium sulfate 
lA 3.66*** 14 2.8337 0.0170 0.52 
3A 14 3.0051 0.0173 0.50 
3A 12 3.9766 0.0160 0.46 
4A llx 2.6248 0.0125 0.40X 
Mean 13 0.49 
Deviation 1 0.02 
lA 3.0*** 14 2.5890 0.0162 0.53 
3A 14 2.7465 0.0159 0.50 
3A 12X 3.0948 0.0161 0.44x 
4A 14 2.7777 0.0162 0.50 
Mean 14 0.51 
Deviation 0 O.Ol 
lA 3.5 15 4.1298 0.0263 0.56 
2A 16 4.2340 0.0284 0.59 
3B 14 5.0828 0.0311 0.53 
4B 13 3.1819 0.0174 0.47 
50 15 3.6688 0.0238 0.57 
60 18 3.4181 0.0256 0.67 
7D 18 2.7991 0.0205 0.65 
8D 15 2.6394 0.0165 0.55 
Mean 16 0.57 
Deviation 3 0.05 
* Ash less blank. 
•** Concentration, 0.0370 g. AlgOa per gram wool. 
*** The mordanting solution's pH was lowered by addition of 
sulfuric acid. 
X Rejected observation 
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TABLE HI. (Continued) 
———ij I m mf „. ».,1—— . Mil ,1 ,.„I|... |.^|.«^ . • „• — i.i..i-i^. , 
Determlna- Mordanting solution V/ool 
tlon pH Exhaustion 
number percentage gram 
Mordanted wool 
Ash Aluminum 
oxide 
gram percentage 
of wool 
lA 3.8« 21 
2A 23 
3A 23 
4A 22 
5B 23 
6B 22 
73 23 
8B 22 
Mean ^ 
Deviation 1 
B. Aluminum sodium tartrate 
lA 3.2** 40 
2A 41 
3A 41 
4A 41 
Mean 41 
Deviation 
lA 3.5** 36 
2A 37 
3A 39 
4A 39 
Mean 38 
Deviation ~T 
lA 4.2** 23 
2A 24 
3A 24 
4A 24 
Mean 24 
Deviation "15 
2,7022 0 .0228 0.76 
2.7322 0 .0253 0.85 
2.7365 0 .0256 0.86 
2.7346 0 .0241 0.80 
2.6682 0 .0246 0.84 
2.0406 0 .0270 0.81 
2.8168 0 .0258 0.84 
2.6476 0 .0239 0.82 
0.82 
0.03 
3.9951 0 .0625 1.48 
3.9900 0 .0640 1.52 
4.0513 0 .0641 1.50 
4.1443 0 .0663 1.52 
1.51 
0 , 0 2  
3.9402 0 .0553 1.32 
3.7834 0 .0551 1.38 
3.6833 0 .0566 1.46 
4.0020 0 .0608 1.44 
1.40 
0.0^ 
3.7527 0 .0345 0.84 
4.1448 0 .0394 0.87 
4.0180 0 .0392 0.90 
4.0375 0 .0385 0.87. 
0.87 
0.02 
* The mordanting solution's pH was raised by addition of 
potassium hydroxide. Aluminum hydroxide precipitated in 
the mordanting bath. 
** The mordanting solution's pH was lowered by addition of 
tartaric acid. 
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TABLE III. (Continued) 
Mordanted wool 
Ash Aluminum 
oxide 
fay am percentage 
of wool 
lA 5.8* 5 3.7875 0.0100 0.18 
3A 5 3.9405 0.0104 0.18 
3A 6 4.0683 0.0116 0.21 
4A 5 4.4976 0.0127 0.20 
Mean 5 0.19 
Deviation 13 O.Ol 
lA 7.2 4 3.9371 0.0083 0.13 
2A 3 3.9881 0.0077 0.11 
3A 3 4.0903 0.0081 0.13 
4A 2 3.9387 0.0067 0.09 
Mean 3 0.11 
Deviation T b.ol 
C. Aluminum tartrate 
lA 2.5** 33 2.7850 0.0244 0.80 
2A 21 2.8083 0.0243 0.79 
Mean 0.80 
Deviation T O.ol 
lA 2.7* 43 2.8036 0.0464 1.58 
2A 43 3.6860 0.0448 1.59 
3A 42 3.6536 0.0437 1.57 
4A 39x 2.8710 0.0440 1.45X 
Mean 43 1.58 
Deviation IS 0.01 
lA 2.9* 46 3.2050 0.0570 1.70 
3A 45 3.1862 0.0559 1.67 
3A 45 2.8401 0.0500 1.68 
4A 45 2.9761 0.0520 1.67 
Mean 45 1.68 
Deviation "U 075l 
* The mordanting solution's pH was lowered by addition of 
tartaric acid. 
** The mordanting solution's pH was lowered by addition of 
hydrochloric aold. 
Determlna- Mordanting solution wool 
tlon pH Exhaustion 
number percentage gram 
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TABLE III. (Continued) 
Determina­
tion 
number 
Mordanting solution 
pH Exhaustion 
Wool 
peroentage gram 
Mordanted wool 
Ash Aluminum 
oxide 
gram percentage 
of wool 
lA 3.3 
3A 
3A 
4A 
Mean 
Deviation 
lA 3.3 
SA 
3B 
4B 
Mean 
Deviation 
lA 4.0* 
3A 
3A 
4A 
Mean 
Deviation 
lA 4.6* 
2A 
Mean 
Deviation 
lA 5.4* 
2A 
3A 
4A 
Mean 
Deviation 
lA 6.2* 
3A 
Mean 
Deviation 
46 
35x 
46 
45 
46 
0 
46 
47 
45 
45 
46 
-T 
38 
39 
38 
39 
1 
29 
32 
2 
16x 
18 
19 
19 
19 
U 
12 
12 
12 
—Q 
2.8520 
2.6970 
2*2158 
2.3135 
2.5583 
2.6950 
2.9489 
3.0393 
2.4480 
2.8296 
2.7670 
2.9278 
3.1100 
3.7920 
2.8210 
2.6548 
2.7441 
2.8071 
3.9136 
2.2873 
0.0508 
0.0375 
0.0393 
0.0403 
0.0457 
0.0490 
0.0513 
0.0531 
0.0366 
0.0429 
0.0413 
0.0447 
0.0365 
0.0482 
0.0196 
0.0203 
0.0220 
0.0224 
0.0151 
0.0117 
1.70 
1.31x 
1.69 
1.66 
1.68 
^^ 52 
1.71 
1.74 
1.66 
1.67 
1.70 
TCTS 
1.43 
1.44 
1.41 
1.45 
1.43 
1.09 
1.19^' 
1.14 
oToB 
0.60X 
0.68 
0.73 
0.73 
0.71 
"2T702 
0.44 
0.43 
0.44 
Q.Ql 
*The mordanting solution's pH v/as raised by addition of ammonium 
hydroxide. 
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TABLE III. (Continued) 
Determina­ Mordanting solution Wool Mordanted vrool 
tion pH Exhaustion ash Aluminum 
oxide 
number percentage jsrm e;ram percentaere 
of v/ool 
lA 7.2* 3 3.6449 0.0054 0.12 
SA 3 2.6623 0.0049 0.10 
3A 4 2.6954 0.0057 0.13 
4A 3 2.6991 0.0056 0.12 
Mean 3 0.12 
Deviation 0 drcil 
lA a. 3* 3 2.5507 0.0049 0.11 
SA 4 2.9316 0.0060 0.13 
Mean 4 0.12 
Deviation 1 0.01 
* The mordanting solution's pH was raised by addition of 
ammonium hydroxide. 
TABLS IV 
EFFECT OF FIFTY-VOLUME BATHS OF WATER, SODIUM HYDROXIDE, OR HYDROCHLORIC 
ACID IK TEN HOURS AT 40® C. ON THE WEIGHT, ASHLAND ALUMINUM OXIDE OF WOOL. 
Detennlna~ 
tion 
number 
Treatment V/ool 
gram 
Residual Wool 
gram peroent-
age of 
wool 
Ash 
gram percent­
age of 
wool 
Aluminum oxide 
percent­
age of 
wool 
gram 
A. Previously boiled in fifty-vol\ime baths of water for one hour. 
- 1 None 4.0820 4.0420 99.0 0.0029 0.07 
2 2.7819 2.7551 99.0 0.0029 O.lOx 
3 4.0121 3.9733 99.0 0.0030 0.07 
4 3.9630 3.9221 99.0 0.0028 0.07 
5 4.0076 3*9658 99.0 0.0029 0.07 
Mean 99.0 0.07 
Deviation 0.0 0.00 
1 V7ater 4.1088 4.0631 98.9 0.0044 0.11 
2 5.1865 5.1305 98.9 0.0038 0.07 
3 3.8623 3.8237 99.0 0.0035 0*09 
4 4.0425 4.0003 99.0 0.0027 0.07 
Mean 99.0 0.09 
Deviation 0.1 0.02 
1 
8 
3 
4 
Mean 
Deviation 
Sodiiom 3.6840 3.1623 
hydroxide, 3.5969 3.0671 
0.1518 N 3.8663 3.3017 
3.7729 3.2350 
85.8 
85.3 
85.4 
85.7 
85.6 
0.2 
0.0670 
0.0635 
0.0676 
0.0727 
1.82 
1.77 
1.75 
1.93x 
1.78 
0.02 
z Rejected observation 
TABLE IV.. (Continued) 
Determlna- Treatment Wool Residual wool Ash Aluminum oxide 
"tion gypam gram percent- gram percent- gram percent­
age of age of age of 
number wool wool wool 
1 Hydrochlor-3.9808 3.4031 85.5 0.0010 0.03 
2 ic Acid 3.9742 3.3975 85.5 0.0012 0.03 
3 5.098 N 4.0499 3.4495 85.E 0.0010 0.02 
4 3.9999 3.4040 85.1 0.0013 0.03 
Mean 85.3 0.03 
Deviation 0.2 0.00 
I 
B. Previously boiled in fifty-volume baths of aluminum tartrate* for one hour. 
1 None 3.7767 3.9300 104.1 0.0585 1.55 0.0559 1.48 
2 3.8808 4.0508 104.4 0.0626 1.61z 0.0599 1.54 
3 6.3029 6.5653 104.2 0.0970 1.54 
4 6^3536 6.6098 104.0 0.0961 1.51 
5 6.1915 6.4565 104.3 0.0947 1.53 0.0950 1.53 
Mean 104.2 1.53 1.52 
Deviation 0.1 OiOl 0.02 
* Concentration, 0.0370 g. AlgO^ per gram wool 
IV. (Co nt Inu ed) 
Determlna- Treatment V/ool Residual wool Ash Aluminum oxide 
tlon gram gram percent" gram percent- gram percent*-
age of age of age of 
number wool wool vool 
1 
2 
3 
4 
Mean 
Deviation 
1 
2 
3 
4 
Mean 
Deviation 
1 
2 
3 
4 
Mean 
Deviation 
Ylatex 
Sodium 
hydroxide, 
0.1518 N 
Hydrochlor­
ic acid, 
5.098 N 
3.9620 
5.6889 
4.1398 
4.1335 
3.3653 
3.9821 
3.7677 
3.8017 
3.6677 
3.8120 
3.8173 
3.9618 
4.0901 
5.8660 
4.2807 
4.2717 
2.9161 
3.4530 
3.2808 
3.3039 
3.0977 
3.2162 
3.2150 
3.3370 
103.2 
103.1 
103.4 
103.3 
103.3 
0.1 
86.7 
86.7 
87.1 
86.9 
86.9 
0.2 
84.5 
84.4 
84.2 
84.3 
84.3 
0.1 
0.0569 
0.0790 
0.0617 
0.0603 
0.0628 
0.0764 
0.0722 
0.0723 
0.0014 
0.0014 
0.0016 
0.0016 
1.44 0. 0564 1.42 
1.39 0. 0765 1.34x 
1.49 0. 0584 1.41 
1.46 0. 0593 1.43 
1.45 1.42 
0.03 o.ol 
1.87 0. 0009 0.03 
1.92 0. 0012 0.03 
1.92 0. 0011 0.03 
1.90 0. 0018 0.05 
1.90 0.04 
0.02 0.01 
0.04 
0.04 
0.04 
0.04 
0.04 0.00 
0.00 
-a 
o> 
TABLE V. 
EFFECT OF FIFTY-V0LU14E BATHS OF V.^ATER, SODIUM HYDROXIDE, OR HYDROCHLORIC 
ACID IK TEN HOURS AT 40® C. ON THE NITROGEN OF WOOL. 
Determlna- Treatment Wool Hydrochloric acid Sodium hydroxide Nitrogen 
tlon ffram normalr- milli­ normal­ milli­ percentage 
number Ity liter ity liter of wool 
A. Previously boiled In fifty-volume baths of water for one hour. 
1 None 3.1317 0.3989 75.00 0.2094 24.12 16.33 
3 1.8539 40.27 16.23 
3 2.1654 0.1941 150.05 18.51 16.34 
4 2.0535 150.00 24.73 16.35 
5 1.8383 36.41 16.39 
6 2.1341 0.2768 125.00 0.2080 47.27 16.25 
7 2.3271 36.38 16.27 
Mean 16.31 
Deviation 0.05 
1 Water 1.0942 0.1725 100.00 0.1518 31.45 15.97 
3 1.0575 35.00 15.81 
3 1.0419 35.18 16.01 
4 1.0754 32.43 16.06 
5 1.1071 30.31 16.00 
6 1.0259 36.93 15.90 
7 1.1055 31.38 15-82 
8 1.0316 35.02 16.20X 
Hean 15.94 
Deviation 0.08 
X Rejected observation 
TABLE V. (Continued) 
Determlna- Treatment Wool 
tlon gram 
number 
Hydroclilorlc acid 
normal- milll-
Sodium hydroxide 
normal- milli-
itjr liter ity liter 
Nitrogen 
percentage of 
wool 
1 Sodium 1.1916 0.1725 100.00 0.1518 38.28 13.45X 
3 hydroxide, 1.1218 40.78 13.81 
3 0.1518 N 1.0884 41.88 14.02 
4 1.1253 39.40 14.03 
Mean 13.95 
Deviation 0.10 
1 Hydro­ 1.0684 0.1725 100.00 0.1518 48.51 12.96 
2 chloric 1.1714 41.11 13.17 
3 acid. 1.1750 40.31 13.27 
4 5.098 N 1.1296 43.21 13.26 
Mean 13.23 
Deviation 0.04 
B. Previously boiled in fifty-volume baths of aluminum tartrate* for one iiour. 
1 None 1.9270 0.3989 75.00 0.2094 37.15 16.09 
2 1.4246 0.2768 0.2080 21.24 16.07 
3 1.4113 22.04 16.05 
4 1.3816 27.52 15.25x 
5 1.4113 21.99 16.07 
6 1.2954 28.46 16.05 
Mean 16.07 
Deviation 0.01 
1 Water 1.0785 0.1725 100.00 0.1518 33.62 15.82 
2 1.1082 31.07 15.84 
3 1.0805 33.05 15.86 
4 1.1076 30.86 15.89 
Mean 15.85 
Deviation 0.02 
* Concentration, 0.0370 g. AlaOg per gram of wool. 
TABLE V. (Continued) 
Determina- Treatment V7ool Hydrochloric acid Sodium hydroxide Nitrogen 
tion fs^ram normal- milll-' normal- mllli- percentage of 
number ity liter ity liter vool 
1 
2 
3 
4 
Mean 
Deviation 
1 
2 
3 
4 
Mean 
Deviation 
Sodium 1,0814 
hydroxide, 1.1915 
0.1518 N 1.1346 
1.1694 
0.1725 100.00 0.1518 
Hydro­
chloric 
acid, 
5.098 N 
1.1399 
1.1163 
1.1306 
1.1576 
0.1725 100.00 0.1518 
42. 93 13.90 
33. 90 14.23 
43. 71 IS.llx 
36. 51 14,03 
14.05 
0.12 
44. 11 12.97 
45. 97 12.89 
44. 06 13.09 
40. 27 13.40X 
12,98 
0.67 
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TABLE VI. 
EPFSOT OF PIPTY-VOLUifiilS OF WATER, SODIUM HYDROXIDE, OR 
HYDROCHLORIO AOXD IN TEN HOURS AT 40® 0. OK THE SULFUR 
OP WOOL. 
Determina- Treatment Wool Barium Total Sulfate 
tion sulfate sulfur sulfur 
gram gram peroent- percent­
number ap:e of age of 
wool wool 
A. Previously boiled in fifty-volume baths of water for one 
hour. 
1 None 3.9471 1.0509 3.66 
2 3.5345 0.9401 3.65 
3 3.2074 0.8404 3.60 
4 2.5431 0.6920 3.74X 
5 2.5979 0.6890 3.64 
6 2.7427 0.7299 3.66 
7 3.9612 0.0644 0.22 
8 3.9341 0.0670 0.23 
9 3.8174 0.0632 0.23 
10 2.2004 0.0293 0.18X 
Mean 3.64 0.23 
Deviation 0.02 0.00 
1 V/ater 2.6356 0.6823 3.562: 
2 2.3258 0.6118 3.61 
3 2.6541 0.6960 3.60 
4 2.5343 0.6656 3.61 
5 3.7610 0.0410 0.15 
6 3.8889 0.0454 0.16 
Mean 3.61 0.16 
Deviation 0.00 0.01 
1 Sodium 2.4582 0.3134 1.75 
2 hydroxide, 3.9957 0.5220 1.79 
3 0.1518 N 2.4980 0.3303 1.82 
4 S.7044 0.3617 1.84 
5 3.7993 
6 3.7457 
Mean 1.80 0.00 
Deviation 0.03 
z Rejected observation 
TABL3 VI. (Continued) 
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Determlna- Treatment 
tlon 
number 
Wool 
^ram 
Barium 
sulfate 
fcram 
Total 
sulfur 
percent­
age of 
wool 
Sulfate 
sulfur 
peroent' 
age of 
wool 
1 
E 
3 
4 
5 
6 
Mean 
Deviation 
Hydrochlor­
ic acid, 
5.090 N 
2.4583 
2.5857 
2.5716 
2.5012 
3.7114 
3.8350 
0.5793 
0.6181 
0.6100 
0.5846 
3.24 
3.28 
3.26 
3.21 
3.25 
0.02 
0.00 
B. Previously boiled in fifty-volume baths of aluminum 
tartrate!* for one hour. 
1 None 4,2810 1.1350 3.64 
2 4.0059 1.0692 3.67 
3 3.8436 1.0217 3.65 
4 4,2827 1.1337 3.64 
5 3.7202 0.9906 3.66 
6 2.3425 0.0405 0.24 
7 2.4151 0.0404 0.23 
8 2.5171 0.0430 0.23 
9 2.3498 0.0405 0.24 
Mean 3.65 0.24 
Deviation 0.01 0.01 
1 Water 2.5283 0.6478 3.52 
2 2.4454 0.6255 3.51 
3 2.4750 0.6359 3.53 
4 2.6813 0.6877 3.52 
5 3.7947 0.0301 0.11 
6 3.9639 0.0404 0.14 
Mean 3.52 0.13 
Deviation 0.01 0.02 
* Concentration, 0.0370 Al,Og g. per gram v/ool 
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TABLE VI. (Continued) 
Determlna- T^foatment 
tlon 
number 
Wool 
gram 
Barium 
sulfate 
gram 
Total 
sulfur 
percent­
age of 
v/ool 
Sulfate 
sulfur 
peroent-
age of 
wool 
1 
2 
3 
4 
5 
6 
Mean 
Deviation 
1 
2 
3 
4 
5 
6 
Mean 
Deviation 
Sodium 
hydroxide, 
0.1518 N 
Hydrochlor­
ic acid, 
5.098 N 
2.5954 
2.6832 
2.6209 
5.9652 
3.8808 
3.8351 
3.0034 
2.5451 
2.7080 
2.4796 
3.9361 
4.0494 
0.3384 
0.3572 
0.3445 
0.4953 
0.7168 
0.6071 
0.6384 
0.5971 
1.79 
1.83 
1.81 
1.72X 
1.81 
0.02 
3.28 
3.28 
3.24X 
3.31 
3.29 
0.01 
0.00 
0.00 
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TABLE VII. 
EFFECT OF FIFTY-VOLUME BATHS OF WATER, SODIUM HYDROXIDE, OR 
HYDROOHLORIO ACID IN TEN HOURS AT 40® C. ON THE WET BREAKING 
STRENGTH OF WOOL WARP. 
Determination 
number 
None 
pounds 
per Inch 
Treatment 
Water 0,.1518N 
Sodium 
hydroxide 
5.098 N 
Hydrochloric 
acid 
pounds ' pounds pounds 
per Inch per Inch, per.Inch 
A. Previously boiled In fifty-volume baths of water for one 
hour. 
1 26 25 5 4 
2 28 23 5 5 
3 26 24 4 5 
4 29 26 5 4 
5 26 23 5 4 
6 2lx 26 4 5 
7 26 25 5 5 
8 25 21 4 5 
9 28 22 5 5 
10 27 23 4 5 
Mean 27 24 5 5 
Deviation "T 1 T5 
B. Previously boiled In fifty-volume baths of aluminum tartrate* 
for one hour. 
1 24 22 4 5 
2 24 23 4 4 
3 26 23 5 5 
4 27 27 3 6 
5 26 26 4 4 
6 24 27 3 5 
7 26 26 4 5 
8 26 26 4 5 
9 24 26 4 4 
10 28 22 3 4 
Mean 26 25 4 5 
Deviation 1 J 
* Concentration,0.0370 g. AlgOg per gram wool, 
X Rejected observation. 
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FIG. 3 THE RELATIONSHIP BETWEEN THE LOG OF THE PINAL CONCENTRATION OP THE 
MORDANTING BATH AND THE ALUMINUM OXIDE TAKEN UP BY WOOL. 
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FIG. 4 EFFECa? OF pH ON THE ALUMINUM OXIDE TAKEN UP 
BY WOOL DURING ONE HOUR'S BOILING IN FIFTY-
VOLUME BATHS OF SOME SALTS OF ALUMINUM. 
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Dlsoussion of Results 
The effect of fifty-volume mordanting baths of aluminum 
basic acetate, aluminum chloride, aluminum formate, aluminum 
lactate, aluminum sulfate, aluminum tartrate, potassium 
aluminum sulfate, and sodium aluminum tartrate, each 
0.0045 g. of AlaOa per gram of wool. In one hour at boiling 
on the weight and aluminum oxide of wool Is presented In 
Table I and summarized In Table X, 
Wool dried at room temperature and mordanted, and wool 
dried at 105® C. and mordanted, yielded residual wools 
alike as to weight, ash, or aluminum. (Table I) -
The change In w^elght of tvool, -1.0 ± 0.0 per cent, 
treated with water Instead of a mordanting bath was greater 
than the change In weight of wool mordanted with any salt of 
aluminum. V/ool mordanted with aluminum sulfate and potassium 
aluminum sulfate Increased slightly In weight while wool 
mordanted with the other salts showed a slight decrease. 
Wool took up more aluminum from solutions of aluminum 
tartrate, potassium aluminum sulfate, and aluminum sulfate 
than from solutions of the other salts at this concentration. 
The residual aluminum of wool mordanted one hour at 
boiling in fifty-volume baths of aluminum basic acetate, 
aluminum chloride, aluminum foimate, aluminum lactate, 
aluminum p-phenolsulfonate, aluminum sulfate, aluminum 
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tartratey potassium altuainum sulfate, and sodium aliiminum 
tartrate, each 0.0025 to 0.0740 g. of Al^O, per gram of 
wool, is shown in Tables II and XI and in Fig. 1. 
The curves of figures 1 and E show that wool and 
aluminum do not combine as a compound. The al\imin\]m taken 
up by wool from solutions of three aliphatic salts of 
aluminum, the tartrate, lactate, and formate increased with 
increasing concentration of mordanting bath over the range 
of concentrations studied, while that taken up from the two 
sulfates, and sulfonate, and the chloride attained a maximum 
and then slightly decreased. Aluminum hydroxide precipitated 
in the mordanting bath at a concentration of aluminum 
acetate greater than 0.010 g. of A1,0, per gram of wool and 
of aluminum formate greater than 0.017 g. of AlaOg per gram 
of wool. The percentage exhaustion of the baths decreased 
with Increasing concentration. 
The formation of a complex ion by the replacement of 
alcoholic hydrogen of the lactate or tartrate ion by alumi­
num may explain Increasing deposition of mordant on wool 
from aluminum lactate or aluminum tartrate shown in Fig. 1. 
Hakomori (104), Quadrat and Korecky (229), Pariselle (207), 
and Heng (111) have described the ratio of aluminum to 
tartrate anion in their complex as unity, Govel and Vaishya 
(95) have proposed E6®12®^6^2®18 formula, and 
Britton (30) has claimed that its composition varies with pH« 
90 -
The alurainuiri taken up from a mordanting bath which 
contained a polyvalent anion was greater than that taken 
up from a bath which contained a univalent anion (Pig. 1). 
The aluminum taken up by wool from potassium aluminum 
sulfate v/as slightly greater than that taken up by wool 
from aluminum sulfate although the corresponding values for 
these wools checked within experimental error for concen­
trations between 0.0045 and 0.0370 g. of A1,0, per gram 
of wool. However, at a concentration of 0.0740 g. of AlgO, 
per gram of wool, a solution which has a pH of 3.2, the 
aluminum ozide of the wool mordanted v/ith aluminum sulfate 
v/as but 0.27i 0.02 per cent while that of wool mordanted 
with potassium aluminum sulfate amounted to 1.32 t 0.03 
per cent; this latter wool was harsh and held an unevenly 
distributed precipitate. 
Paddon (205) analyzed the initial and residual 
mordanting baths of potassium aluminum sulfate to determine 
the aluminum removed from a 250-ml. bath by a two-gram 
sample of wool during one hour's boiling; his data for 
these 125-volume mordanting baths are compared in Table VIII 
with the data obtained in this laboratory for fifty-volume 
mordanting baths. 
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TABLE VIII 
ALMINIM^ OXIDE TAKEN UP BY V/OOL FROM MORDANTING BATHS 
OF POTASSMI ALUMDMI SULFATE DURING ONE H0UR»S ROILING 
Mordanting Paddon's data Data from this 
solution Laboratory 
Initial 
concentration Aluminum oxide Aluminum oxide 
gram Al.O. per percentage of percentage of 
gram of wool wool wool 
0.0025 0.17 
0.0045 0,30 
0.0055 0.38 
0.0074 0.45 
0.0090 0,57 
0.0110 0.60 
0.0148 0.66 
0.0166 0.60 
0.0173 0.72 
0.0197 0.65 
0.0S21 0.49 
0.0247 0.65 
0.0276 0.42 
0.0296 0.64 
0.0331 0.30 
0.0370 0.57 
0.0740 1.32 
Aluminum was taken up by wool (Fig. 4) from aluminum 
tartrate, betv/een concentrations of 0,0074 to 0.0370 g. of 
AlgOg per gram of wool, and from aluminum 2-phenolsulfonate,, 
between concentrations of 0.0045 and 0,0347 g, of Al^O, per 
gram of wool, according to Freundlich.*s equation, yO. „ 
where y is grams of Al^O, taken up per gram of wool, x is 
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the final oonceiitration of the mordanting "bath (difference 
between its initial concentration and the altuoinum oxide 
taken up by wool, expressed as gram of Al^O, per gram of 
wool) and n and k are constants. A break in the curve 
occurs in the case of aluminum lactate. 
Since the greatest amount of aluminum taken up by-
wool was from aluminum tartrate at its maximal solubility, 
0.037 g. of AlaO, per gram of v/ool, this concentration was 
chosen for further study. 
The effect of pH on the alimiinum taken up by wool 
during one hour*s boiling in fifty-volume baths of aluminum 
tartrate, potassium aliminum sulfate, and sodium aluminum 
tartrate, at a concentration of 0.0370 g. of Al^Og per gram 
of wool, is shown in Table II and Fig. 4 and summarized in 
Table XI. jPor solutions, 0.0370 g. of AlgOg per gram of 
wool, the pH of al-uminum tartrate is 3.3, that of sodium 
tartrate is 7.2, and that of potassium alumin\im sulfate is 
3.5, The pH of the mordanting solution of altcainum tartrate 
v/as raised by the addition of ammonium hydroxide and lowered 
by the addition of tartaric acid or hydrochloric acid; that 
of sodium aluminxim tartrate was lowered by addition of tar-
j taric acid; and that of aluminum sulfate was raised by 
! 
i 
addition of potassium hydroxide and lowered by addition of 
sulfuric acid. 
Estrup (72) and Lachs and Ilichaelis (149) observed 
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that an anion is adsorbed more readily in the presence of an 
easily adsorbed cation, and a cation more readily in the 
presence of an easily adsorbed anion. According to Harris 
(106) wool is positively charged and tends to adsorb nega­
tive ions belov/ its isoelectric point, pH 3.4, while above 
this pH wool is negatively charged and tends to adsorb 
positive ions. 
Fig. 4 shows a maximum for aliiminura taken up by wool 
from aluminum tartrate at a pH of 3.3, the pH of aluminum 
tartrate at a concentration of 0.0370 g. of Al,Og per gram 
of wool. Y/hen aluminum is combined with tartrate ion to 
form a complex the metal present in the anion would be ex­
pected to be less strongly adsorbed as the pH is increased. 
Since the complex ion is unstable at a low pH the aluminum 
v/ould appear in these solutions as a cation. This, no doubt, 
explains the rapidly decreasing adsorption of aluminum below 
a pH of 3.0. The curve for sodivim aluminum tartrate almost 
parallels that for aluminum tartrate. 
The aluminum taken up from solutions of potassium 
aluminum sulfate increased with increasing pH (Fig. 2) as 
would be expected if wool tends to adsorb positive ions 
from a more basic solution. The maximum aluminum was taken 
up at a pH of 3.8, a concentration at which some precipita­
tion of aluminum hydroxide occurred. These results for 
potassium alminum sulfate are similar to those obtained by 
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Thomas and Kelly (264), who treated purified hide powder 
with solutions of aluminum sulfate or chloride, washed the 
tanned hide powder, and determined the aluminum It re­
tained. They found that very little aluminum was Irreversi­
bly fixed from solutions of the normal salts although this 
amount was Increased when the pH of the solutions was 
raised. 
Weight, ash, aluminum oxide, total nitrogen, total 
sulfur, sulfate sulfur, and wet strength of wool boiled 
one hour In fifty-volume baths of water or of alumlniim 
tartrate, 0.0370 g. of AlgOa per gram of vraol, and of wool 
treated according to either of these procedures and then 
Immersed In fifty-volume baths of water, 0.1518 N sodium 
hydroxide, or 5.098 N hydrochloric add, for ten hours at 
40® 0. are presented In Tables IV, V, VI, and VII and 
summarized in Table XIII. 
A comparison of wool boiled In water for one hour with 
wool mordanted with aluminum tartrate, 0.0370 g. of AlgOa 
per gram of wool, show that this mordanting did not change 
the total sulfur, sulfate sulfur, or wet strength of the 
wool. The total nitrogen of the wool decreased from 
16.31 ± 0.05 to 16.07 ± 0.01 per cent, the change In weight 
Increased from -1.0 + 0.0 to +4.3 ± 0.1 per cent, the ash 
from 0.07 ± 0.00 to 1.53 ± 0.01 per cent, and the aluminum 
oxide from 0.00 to 1.52 ± 0.02 per cent. 
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The aluminum taken up by vrool from aluminum tartrate, 
0,037 g. of AlgOa per gram of wool, was nearly all removed 
by steeping It In 0.1518 N sodium hydroxide or 5.098 N 
hydrochloric acid for ten hours at 40® 0. This mordanting 
of wool with aluminum tartrate neither protected It from 
degradation nor Increased Its degradation by either 
0.1518 N sodium hydiHJxlde or 5.098 N hydix)ohlorlo acid In 
ten hours at 40® 0,, as shown by the weight, total nitrogen 
total sulfur, sulfate sulfur, and wet strength of the 
residual wools. 
The results listed In Table XIII are computed to 
percentage of residual wool from the residual weight and 
the values are given In Table IX. 
The acid treatment brought about a loss of nitrogen 
greater tha.n that accounted for as solution of wool keratin 
and the alkali treatment removed half of the total sulfur 
(Table IX), Both treatments removed the trace of sulfate 
sulfur and decreased the wet strength of the wool to 
20 per cent of Its original value (Table XIII), These 
data for unmordanted wool are similar to those previously 
obtained (16). 
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TABLE IX 
EFFECT OF FIFTY-VOLUME BATHS OF V/ATER, SODIUM 
HYDROXIDE, OR HYDROCHLORIC ACID IN TEN HOURS 
AT 40® C. ON THE NITROGEN AND SULFUR 
OF WOOL 
Treatment Nitrogen Total sulfur 
percent- percent­
age of aee of 
original residual 
wool wool 
percent­
age of 
original 
wool 
percent­
age of 
residual 
wool 
Water A* 15.94 3.61 
B«* 15.85 3.52 
Sodium A 13.95 16.3 1.80 2.10 
hydroxide. B 14.05 16.2 1.81 2.09 
0.1518 N 
Hydro­ A 13.23 15.5 3.25 3.90 
chloric B 12.98 15.4 3.29 3.86 
acid, 5.098 N 
* A, Previously boiled in a fifty-volume bath of water 
for one hour, 
** B. Previously boiled in a fifty-volume bath of aluminum 
tartrate, 0.0370 g. of Al^Oa per gram wool, for one 
hour. 
This failure of aluminum tartrate to change the sta­
bility of wool keratin toward acid or alkali, a contrast 
to the action of potassium permanganate (17) or potassium 
dichromate (59), may be similar to the behavior tov^ard wool 
of 12-tungsto-metaphosphorio acid, HPOg-lsWOs. For Zahn 
(292), in a comparison of the X-ray diagrams of wool, wool 
mordanted with 20 per cent aqueous l2-tungsto-metaphosphoric 
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acid, and this tungsten-mordanted wool from which all 
mordant had been eliminated by sodium hydroxide (pH 11.O), 
observed identical diagrams for untreated wool and wool 
with the mordant removed, and described the diagram for 
the mordanted wool as that of wool superimposed by a 
general diffuse blackening. 
Yet salts of aluminum have been recommended for 
protecting wool against acid (24, 46, 165, 184), enzyme 
(27, 71), light (74, 137), oxidation (6, 192, 281), and 
shrinlcage (76, 112, 281), 
TABLE X 
EFFECT OF FIFTY-VOLUME BATHS OF SOME SALTS OF ALUMINUM IN ONE HOUR'S BOILING ON THE 
WEIGHT AND ALOTIINUM OXIDE OF WOOL 
Salt of aluminum 
Mordanting bath 
Concentra- pH Exhaustion 
tlon 
gram AI3O3 
per gram 
wool 
percentage 
Mordanted wool 
V/eight Aliiminum 
oxide 
percentage 
of wool 
perc entage 
of wool 
Water 0.0000 6.3-6.5 99.0 (0.0)* None 
Aluminum acetate,basic 0.0045 4.5 27 (6) 99.1 (0.2) 0.12 (0.03) 
Aluminum chloride 0.0045 4.0 25 (2) 99.6 (0.1) 0.11 (0.01) 
Aluminum formate 0.0045 4.2 23 (3) 99.3 (0.1) 0.10 (0.02) 
Aluminum lactate 0.0045 3.8 36 (2) 99.2 (0.1) 0.16 (0.01) 
Aliiminum potassium 0.0045 3.9 77 (6) 100.4 (0.1) 0.35 (0.03) 
sulfate 
Aluminum sodiim 
tartrate 
Aliuninum sulfate 
Aluminum tartrate 
0.0045 
0.0045 
0.0042 
6 .6  59 (3) 
3.7 71 (3) 
3.7 82 (3) 
99.5 (0.1) 0.27 (0.01) 
100.3 (0.2) 0.32 (0.02) 
99.9 (0.1) 0.35 (0.01) 
* Deviations are given in parentheses 
ALUMINUM OXIDE DEPOSITE: 
Salt of 
aluminum 
Aluminum aoetate 
Aluminum 
oxide 
gram AlaOa pH peroentaae 
per ftram of wool 
Of wool 
Aluminum chloride Aluminum formate 
Aluminum 
oxide 
pH percentage 
of wool 
Aluminum 
oxide 
pH percentage 
of wool 
0,0025 
0.0045 
0.0074 
0.0099 
0.0123 
0.0148 
0.017S 
0.0197 
0.0332 
0.0247 
0.0271 
0.0296 
0.0345 
0.037d 
0.0384 
0.0419 
0.0444 
0.0468 
0.0493 
0.0740 
4.S 0.10 (0.01) 
««* 
4.0 0.07 (0.00) 4i3 0.07 (0.01) 3.8 
0.10 (0.01) 
3*7 0.11 (0.01) 4*0 0.09 (0*00) 3*6 
3*6 0*17 (0.01) 4.0 0.12 (O.Ol) 3^5 
3*9 0*14 (0.01) 3.5 
3.4 0*14 (0.02) 3*8 0.18 (0.01) 3.4 
3*3 
Ash less blank. 
** Mean deviations are within parenttieses. 
Aluminum hydroxide precipitated in a mordanting bath containing 0.0106 
#*«•« aluminum tartrate at these concent rat ions did not dissolve complete 
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TABLE Xi^ 
OXIDE DEPOSITED IN WOOL BX ONE HOUR'S BOILINO- IN | PIPTY-VOLUME BATHS OP SOME 
foliate Aluminum lactate 
mlnum 
xlde 
centage 
wool 
Aluminum 
oxide 
pH percentage 
of wool 
Aluminum 
£-phenolsulfonate 
Aluminum 
oxide 
pH peroentEUsre 
of wool 
Aluminum potassium 
sulfate 
Aluminum 
oxide 
pH percentage 
of wool 
f (0.01) 
) (0*00) 
3*8 
3.6 
0.11 
0*24 
(0*01) 
(0*03) 
3i9 
3.7 
0.15 (0*00) 
0.22 (0*00) 
4.0 
3.9 
3.6 
0.17 
0.30 
0.45 
0.57 
(0.01)' 
(0.01) 
(0.02) 
(0.03) 
3 (0.01) 3*5 0*39 (0*01) 3i6 0*25 (0*02) J 0.66 0.72 
0.65 
(0.01) 
(0.02) 
(0.05) 
i (0;0l) 3^5 0.51 (OiOl) 3;5 0*29 (OiOl) 3.5 
} 
0.65 
0.64 
(0.09) 
(0.07) 
B (0.01) 3.4 0.60 (0.02) 3;4 
. 
0.24 (0*01) 3.6 0.57 (0.05) 
3*3 
0.69 
0.77 
(0.02) 
(0.04) 3.2 1.32 (0.03) 
ontalnlng 0.0106 g. of AlaOa per gram of wool 
dissolve completely until "boiled with wool. 

PTY~ .VOLUME BATHS OP SOME SALTS OF ALUMINUM 
Aluminum potassium 
sulfate 
Aluminum 
oxide 
Aluminum sodium 
tartrate 
Aluminum 
oxide 
Aluminum sulfate 
Aluminum 
oxide 
Alui 
£H peroentaiEce 
of'wool 
£H percentaffe 
of wool 
jgH peroentapfe 
of wool 
4.0 
34 
3.6 
0.17 
0.30 
0,45 
0.57 
(0.01 
(0.01) 
(0.03) 
(0.03.) 
6.6 0.23 (0.01) 3.7 
3.6 
0.36 
0.43 
0.53 
(0.03) 
(0.02) 
(0.02) 
3.7 
3.7 
3.4 
i 
! 
3.5 
0.66 
0.73 
0.65 
(0.01) 
(0.03) 
(0.05) 
3.5 
0.63 
0.64 
0.68 
(0.03) 
(0.07) 
(0.03) 
3.4 
3.5 0.65 
0.64 
(0.09) 
(0.07) 
3.4 0.63 
0.64 
(0.04) 
(0.06) 
3.3 
3.6 0.57 (0.05) 7.3 0.11 (0.01) 3.3 0.57 (0.03) 3.3 
3 • 3 1.32 (0.03) 3.2 0.27 (0.03) 

)P ALUMINUM 
0.uminum sodium Aluminum sulfate Aluminum tartrate 
tartrate 
Mumlnum Aluminum Aluminum 
oxide oxide oxide 
pH percentafce pH peroentase pH peroentajfe 
of wool of wool of wool 
6 0.23 (0.01) 
2 0.11 (0.01) 
3.7 
3.6 
3.5 
3.4 
3.3 
0.26 (0.02) 
0.42 (0.02) 
0.52 (0.02) 
0.62 (0.03) 
0.64 (0.07) 
0.68 (0.02) 
3.7 
3.7 
3.4 
3.4 
3.3 0.63 (0.04) 
0.64 (0.06) 
0.57 (0.03) 3.3 
0.16 (0.02) 
0.29 (0.01) 
0.48 (0.04) 
0.63 (0.05) 
0.75 (0.02| 
0.84 (0.06 
0.96 (0.05] 
1.08 (0.06) 
1.22 (0.05) 
1.28 (0.03) 
1.38 (0.00 
1.41 (0.03 
1.48 (0.01) 
1*57 (0.09) 
1.52 (0.07)*^** 
1.56 (0.02)**** 
1.59 (0.05)*»*« 
1.65 (0.01)«*** 
3.2 0.27 (0.02) 
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TABLE X'XI 
EFFECT OF HYDROGEN-ION CONCENTRATION ON THE ALUl^INUJI OXIDE* 
DEPOSITED IN WOOL DURING ONE HOUR'S BOILING IN FIFTY-VOLUlffi 
BATHS OF SOME SALTS OF ALUMINUM**. 
Salt of aluminum Mordanting solution 
pH Exhaustion 
percentage 
Aluminum 
oxide 
percentase 
of wool 
A. Aluminum potassium 2.6 13 (1) 0.49 (0.02) 
sulfate 3.0 14 (0) 0.51 (0.01) 
3.5 16 (3) 0.57 (0.05) 
3.8 23 (1) 0.82 (0.03) 
B. Aluminum sodium 3.2 41 (0) 1.51 (0.02) 
tartrate 3.5 38 (1) 1.40 (0.05) 
4.2 24 (0) 0.87 (0.02) 
5.8 5 (0) 0.19 (0.01) 
7.2 3 (1) 0.11 (0.01) 
0. Aluminum tartrate 2.5 22 (1) 0.80 (0.01) 
2.7 43 (0) 1.58 (0.01) 
2.9 45 (0) 1.68 (0.01) 
3.2 46 (0) 1.68 (0.02) 
3.3 46 (1) 1.70 (0.03) 
4.0 39 (1) 1.43 (0.02) 
4.6 31 (2) 1.14 (0.05) 
5.4 19 (0) 0.71 (0.02) 
6.2 12 (0) 0.44 (0.01) 
7.2 3 (0) 0.12 (0.01) 
8.2 4 (1) 0.12 (0.01) 
* Ash less blank. 
** Concentration, 0,0370 AlgO® per gram wool. 
TAjBIiE XIII 
EPFEGT OP FIFTY-VOLUME BATHS OP WATER, SODIUM lEfDROXlDS, OR HYDROCHLORIC ACID IK 
TEN HOURS AT 40® C. OtJ THE HEIGHT, ASH, ALUMIKUl-f OXIDS, NITROGEN, TOTAL SULFUR, 
SULFATE SULFUR, AND WET BREAKING STRENGTH OP WARP OF WOOL. 
Treatment 
Determination Hone Water Sodium hydroxide. Hydrochloric 
0.1518 N acid, 5.098 N 
Weight* A 99.0 (0.0)** 99.0 (0.1) 85.6 (0.2) 85.3 (0.2) 
B 104.2 (0.1) 103.3 (0.1) 86.9 (0.2) 84.3 (0.1) 
Ash* A 0.07 (0.00) 0.09 (0.02) 1.78 (0.02) 0.03 (0.00) 
B 1.53 (0.01) 1.45 (0.03) 1.90 (0.02) 0.04 (0.00) 
Aluminum oxide* A 0.00 
B 1.52 (0.03) 1.42 (0.01) 0.04 (0.01) 0.00 
Nitrogen* A 16.31 (0.05) 15.94 (0.08) 13.95 (0.10) 13.23 (0.04) 
B 16.07 (0.01) 15.85 (0.02) 14.05 (0.12) 12.98 (0.07) 
Total sulfur* A 3.64 (0,02) 3.61 (0.00) 1.80 (0.03) 3.25 (0.02) 
B 3.65 (0,01) 3.52 (0.01) 1.81 (0.02) 3.29 (0.01) 
Sulfate sulfur* A 0.23 (0.00) 0.16 (0.01) 0.00 0.00 
B 0.34 (0.01) 0^13 (0.02) 0.00 0.00 
Wet breaking A 27 (1) 24 (1) 5 (0) 5 (0) 
strength of B 26 (1) 25 (2) 4 (0) 5 (1) 
wool warp*** 
* Porcontage of wool. 
** Mean deviations are within parentheses. 
*«« Pounds per inch. 
A. This wool was previously boiled in fifty-volume baths of water for one hour. 
B. This v/ool v;as previously boiled in fifty-volume baths of aluminum tartrate 
(concentration, 0.0370 g. AlgOa per gram of wool) for one hour. 
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Summary 
1. The residual aluminum of wool mordanted one hour 
at boiling In fifty-volume baths of aluminum basic acetate, 
aluminum chloride, aluminum formate, aluminum lactate, 
aluminum p-phenolsulfonate, almnlnum sulfate, almalnum 
tartrate, potassium aluminum sulfate, and sodium aluminum 
tartrate, each 0.0035 to 0.0740 g. of AlgOg per gram of 
wool, shov/ed that wool and aluminum did not combine as a 
compound. Aluminum v;as taken up by wool from aluminum 
tartrate,betv/een 0.0074 and 0.037 g. of AlgOa per gram of 
wool, and from aluminum ^ -phenolsulfonate, between 0.0045 
and 0.0247 g. of AlaO# per gram of wool, according to 
Freundllch's equation. 
2. Wool dried at room temperature and mordanted, and 
wool dried at 105® 0. and mordanted yielded residual wool 
alike as to weight, ash, or aluminum. 
3. The aluminum taken up by wool from solutions of 
aluminum tartrate, aluminum lactate, and aluminum formate 
Increased with Increasing concentration of mordant while 
that taken up from potassium aluminum sulfate, aluminum 
sulfate, aluminum jg-phenolsulfonate, or aluminum chloride 
attained a maximum and then slightly decreased. 
4. The aluminum taken up from a mordanting bath 
which contained a polyvalent anion was greater than that 
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taken up from a bath which contained a univalent anion. 
5. The aluminum taken up by wool from potassium 
aluminum sulfate was slightly greater than that taken up 
by wool from aluminum sulfate although corresponding values 
for these mordanted XTTOOIS were within experimental error 
for concentrations 0.0045 to 0.0296 g. of AlgOg per gram of 
wool. At a concentration of 0.0740 g. of AlgOa per gram 
of wool and a pH of 3.2 the aluminum oxide of the wool 
mordanted with aluminum sulfate was but 0.37 + 0.02 per 
cent while that of wool mordanted with potassium aluminum 
sulfate was 1.32 ± 0.03 per cent; this latter wool xms 
harsh and held an unevenly distributed precipitate. 
6. The aluminum taken up by wool during one hour's 
boiling in fifty-volume baths of aluminum tartrate, 
potassium aluminum sulfate, and sodium aluminum tartrate 
at a concentration of 0.0370 g. of AlgOa per gram of wool, 
over a range of pH from 2.5 to 8.2 was studied. The 
aluminum taken up from solutions of aluminum tartrate, in 
which the aluminum Is present in the anion, increases as 
the pH decreases from 8.2 to 3.3, as vrould be expected if 
wool tends to adsorb negative ions from a solution of low 
pH. The curve for sodium aluminum tartrate was lightly 
below that for aluminum tartrate. The aluminum taken up 
from solutions of potassium aluminum sulfate increased 
with increasing pH as would be expected since aluminum is 
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present as a cation. The maximum aluminum was taken up 
from this alum at a pH of 3.8 at which point some precipi­
tation of aluminum hydroxide occurred. 
7. A comparison of wool boiled in water for one hour 
with wol mordanted in aluminiun tartrate, 0,0370 g. of 
AlgOa per gram of wool, showed that this mordanting did not 
change the total sulfur, sulfate sulfur, or wet strength of 
the wool. The total nitrogen of the wool decreased from 
16.3 ± 0.05 to 16.07 ±0.01 per cent, the change in weight 
Increased from -1.0 ± 0.0 to +4.2 + 0.1 per cent, the ash 
Increased from 0.07 ±. 0.00 to 1.53 ± 0.01 per cent, and the 
aluminum oxide increased from 0,00 to 1.52 ± 0.02 per cent. 
8. The aluminum taken up by wool from aluminum 
tartrate, 0.037 g. of AlgOa per gram of wool was almost 
completely removed by steeping it in 0.1518 N sodium 
hydroxide or 5.098 N hydrochloric acid for ten hours at 
40® 0. This mordanting of wool with aluminum tartrate 
neither protected it from degradation nor increased its 
degradation by either 0.1518 N sodium hydroxide or 
5.098 N hydrochloric acid in ten hours at 40® C. as shown 
by the weight, total nitrogen, total sulfur, sulfate 
sulfur, and wet strength of the residual wool. 
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COMP^ISON OP THE SULFURIC-ACID AND ALUMINUM-
CHLORIDE METHODS FOR QUANTITATIVE ESTIMATION 
OP WOOL 
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II. COMPARISON OF THE SULFURIC-ACID AND ALUMINUM-
CHLORIDE METHODS FOR QUANTITATIVE ESTIMATION 
OF WOOL 
Review of Literature 
1. Quantitative estimation of wool with sulfurio acld» 
It is not known with certainty who first discovered the 
process of carbonization. Filsner (30), Schwarz (75), and 
Augustin (6) give credit to Kdber as the first to apply the 
differential action of sulfurio acid to the separation of 
cellulose and wool. Filsner gives the date of Kdber's dis­
covery as 1853 and Schwarz as 1854. Schwarz refers to 
G-rothe v/ho claimed that two Englishmen, Fenton and Crone, 
developed the sulfuric-aold carbonization in 1853. In 1850 
this process was the subject of an English patent to Isart 
(69) and a French patent to Frezon (8). Julllon (50) re­
ported in 1855 that sulfuric acid destroyed cotton in wool 
admixtures and in 1857 Bfittger (11) stated that cotton and 
linen were destroyed in ten to fifteen minutes by concentrated 
sulfuric acid but that wool was not attacked. 
1876 Bayer (9) quantitatively determines the x^ool in 
cellulosic admixtures by digestion of the sample for 
twelve hours in cold 82 per cent sulfuric acid 
followed by a second treatment for four to five hours. 
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dilution vrith three parts of vmter and three parts of 
alcohol, and filtration. He reports that wool loses 
3 per cent in weight during this treatment. 
1886 Jawalovskl (46) analyzes mixtures for wool by-
treating them for twelve hours with 75 per cent 
sulfuric acid and then putting the fibrous residue in 
three times its bulk of cold v/ater for rinsing. 
1892 Villavecchla and Hannau (82) recommend steeping a 
wool-cotton mixture two hours in 75 per cent sulfuric 
acid and rinsing it in cold water. 
1903 Herzfeld (42) gives directions similar to those 
of Bayer except that he uses only one acid treatment 
for twelve hours. He also repeats the directions of 
yillavecchla and Hannau. 
Posselt (67) states that 2 per cent of wool is 
destroyed by sulfuric acid. 
1905 Colllngv/ood (20) reports a loss of 2.5 per cent of 
wool by a mixture of wool and cotton treated with 20 
per cent sulfuric acid for twelve to fourteen hours, 
washed in alcohol, and dried in an oven. 
1908 Dannerth (21) describes a method for the determina­
tion of wool in which a sample of wool and cotton is 
immersed for tt^elve hours in 80 per cent sulfuric acid 
and washed in 50 per cent alcohol. 
1913 Heermann (38, 39) treats cotton-wool unions with 
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with ten to twenty volumes of 80 per cent sulfuric acid 
for alx hours and applies a correction of 1 to 1,5 per 
cent to the residual wool, He (39) studies the effect 
of various concentrations of sulfuric acid on wool and 
finds that 95 per cent sulfuric acid attacks v/ool within 
two hours, that although 85 per cent acid brings about 
an Increase In weight of 3 per cent In three hours or 
1.5 per cent In six hours, It brings about a decrease of 
5.5 per cent in 24 hours, and that 80 per cent or less 
concentrated acid does not appreciably attack wool. 
Vlllavecchla and Capelll (81) restate the process 
reported by Vlllavecchla and Hannau, 
1921 Harper (35) ascribes an error of approximately 1 
per cent to a method in which wool is treated two hours 
with 28 per cent sulfuric acid. 
1924 Matthews (57) reports that wool treated twelve hours 
with 60 per cent sulfuric acid loses 2.5 per cent. 
1925 Green (33) describes a method in which a mixture of 
v/ool and cotton is saturated with 5 to 8 per cent 
sulfuric acid, dried at 82® 0., heated for fifteen minutes 
at 110® C., and dusted to remove powdered cellulose. 
1927 Q-riffin (34) states that no correction need be used 
for wool treated with 80 per cent sulfuric acid for 
fifteen minutes. 
1929 Lloyd and Priestley (56) obtain a loss of 1.6 to 5.8 
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per cent of wool by immersing wool-cotton mixtures 
24 hours in 44 per oent sulfuric acid at 25® C. 
Schulze (74), upon treating paper felts with 
80 per oent acid for three hours, obtains a loss of 
less than 0.5 per oent of vrool. 
An anonymous article (4) proposes the use of cold 
43 per oent sulfuric acid. 
1930 Heermann (40, 41) restates the method he reported 
previously. 
Young (88) obtains 30,3 per cent loss of wool by 
treating it, according to Matthew's method, with 60 per 
oent sulfuric acid for twelve hours at room temperature. 
1931 Korn and Schulze (54) describe Schulze's method. 
According to Krais and Markert (55) no correction factor 
is necessary with Schulze's method. 
Some work done in this laboratory (27) shows that 
wool placed in 44 per cent sulfuric acid at 50® C. and 
alloived to remain 24 hours in the cooling bath loses 
31.7 per cent of its weight, that wool treated twenty 
minutes at 50° C. in this concentration of acid loses 
but 1.51 per oent of its weight, although in 62 per cent 
acid it loses 35.8 per cent of its weight. 
1933 Brecht and Helmer (13) use sulfuric acid for the 
determination of wool in paper. 
1934 Mease and Jessup (60) report that wool treated 
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according to Griffin's method gains from 5 to 8 per 
cent in weight. 
1936 Goldsmid (32) obtains results accurate to 1,5 
per cent by Schulze's method. 
Ryberg (71) obtains gains of 1.8 to 6.8 per cent 
for wool treated at 30® 0. for fifteen minutes with 
different concentrations, 70 to 85 per cent, of sulfuric 
acid. The use of sulfuric acid after various pre-
treatments (wetting agents, detergents, alcohol, and 
dilute sulfuric acid) is tried. Ryberg obtains net 
results v;ithin ±0.5 per cent with this method quoted 
from his article"*^: 
Appix>ximately two grams of the prepared sample 
are dried to constant weight. (105® C. - 110® 0.) 
The weighed sample is then immersed in 200 ml. of 
a boiling 1 per cent solution of sulfuric acid for 
7-10 minutes. 
If the sample is cloth or yarn it is trans­
ferred to a gooch crucible (no asbestos) and the 
excess acid is removed by suction. If it Is in the 
form of loose fiber, it is collected in a crucible 
with a medium fritted glass bottom and the excess 
is removed by suction. The sample is then placed 
in 200 ml. of a 70 per cent solution of sulfuric 
acid at 100® P, and worked 15 minutes. It is 
collocted on a 100 mesh screen or in a crucible 
with a fritted glass bottom and washed well with 
cold water, then placed in a beaker and neutralized 
with a 2 per cent solution of sodium bicarbonate at 
room temperature for 5 minutes. It is washed again 
on the screen or in a crucible, oven dried and 
weighed. 
* Am. Dyestuff Reptr. P296-7 (1936). 
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This method is adopted by the Anerlcan Association 
of Textile Ohemiste and Oolorists (2) and by the 
American Society for Testing Materials (3). 
1937 Harris, Mease, and Rutherford (36) find that wool 
treated with 80 per cent sulfuric acid at 25® G. for 
3 to 150 minutes shoves an increase of 0.56 to 7.19 per 
cent in iireight and of 0.81 to 8.38 per cent In sulfate 
sulfur. The maximum Increase in weight occurs, they 
find, v/hen wool is treated for thirty minutes; 
degradation of the wool occurs upon longer treatment. 
1938 Hunlich (44) reports a loss of 2.5 per cent for 
unbleached wool and 3.5 per cent for bleached wool by 
Schulze's method. 
1940 Sklnkle (77) reports that the older methods with 
sulfuric acid are unsatisfactory but that no correc­
tion factor is necessary with Ryberg's method. 
2. Quantitative estimation of wool with aluminum chloride. 
Stuart, according to a report by Kopp (53) in 1872, 
developed a process for removing celluloslc impurities 
from wool by immersing the fibrous mixture In a solution 
of aluminum sulfate and sodium chloride and subsequently 
heating to 90® 0.' for several hours. 
1874 Joly (49) obtains British Patent 433 for the 
removal of celluloslc impurities from wool with 
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aluminum chloride. 
1877 Joly describes a process for the removal of 
cellulose, burrs, seeds and other plant material from 
wool. The material is immersed in 5 to 6.5 per cent 
aluminum chloride (AlClg), centrifuged, dried, baked 
at 100® C., and dusted to remove the powdery residue. 
Belong (33) also describes Joly's process. 
1879 Jply (47) obtains German Patent 9263 for his 
process. 
1892 Breinl and Hanofsky (14) find that 6 per cent 
aluminum chloride completely eliminates cellulosic 
matter from wool. They state that the temperature 
should exceed 100® C. as little as possible to avoid 
yellowing of the wool. According to Breinl and 
Hanofsky, the carbonizing action of aluminum 
chloride has been attributed by Frank to the hydro­
chloric acid liberated upon heating, by Belong 
to the crystallization of the salt in the plant 
fibers, by Joly to the destructive action of 
aluminum chloride itself, and by R. Meyer to the 
condensing action of aluminum chloride. 
1897 Breinl and Hanofsky (15) report that more 
chloride than aluminum is adsorbed by wool from a 
solution of aluminum chloride. 
1908 Schwarz (75) applies Joly's carbonizing process 
to the recovery of dyed wool from mixed rags. 
1914 An anonymous article (17) states that it is 
necessary to \irash wool carefully after carbonization 
with aluminum chloride in order to remove any basic 
aluminum residues which produce harsh handle. 
1916 Dantzer (22) recommends that a baking temperature 
of 126® 0. be used for one hour in Joly's process. 
He reports that experiments of Ohevreul, Pommier, 
Salv^tat, Barral, and Lecerf have showed that this 
process does not affect the pliability or strength 
of vj-ool. 
1918 According to an anonymous article (70) wool 
should be scoured before carbonization with aluminum 
chloride. 
1919 Springer (79) also attributes the destruction of 
cellulose to hydrochloric acid from the decomposition 
of aluminum chloride at 100** to 110' 0, 
1921 Hayes (37) states that 10 to 18 per cent aluminum 
chloride and baking temperatures of 107® to 127" C. 
are suitable in Joly's process. 
1922 Dumville and Kershaw (26) recommend immersion of 
the wool in 6 to 10 per cent aluminum chloride for one 
hour, followed by drying and baking for 30 to 40 
minutes at 138® C. 
An anonymous article (16) states that the con­
centrations of aluminum chloride used commercially 
vary from 4.5 to 22 per cent, but that for most 
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carbonization 6.5 to 9.0 per cent aluminum chloride 
Is used. 
1923 According to Blery (10), the material saturated 
v/lth aluminum chloride should be dried at 104® to 
110® C, and baked at 115® to 121® 0. 
Fernandez (29) compares microscopically wool 
carbonized v/lth aluminum chloride and that carbonized 
with sulfuric acid and finds that the latter shows a 
conspicuous roughening while the former Is smooth 
and glossy with undisturbed scales. He claims that 
the residual alumina may be dusted out of the wool 
since a raw wool carbonized with aluminum chloride 
was found to contain but 0.05 per cent aluminum oxide 
after crushing and dusting. 
1925 Kny (52) recommends the use of 7 per cent 
aluminum chloride, even though this process Is more 
expensive and requires a higher temperature than the 
sulfurlc-acld process. 
1925 Plemmlng (31) uses 1 to 8 per cent aluminum 
chloride and a baking temperature of 115® 0. for 
carbonization. 
1927 An anonymous article (18) reviews Joly's process. 
It Is proposed that the alumina may be removed f2?om 
the wool by rinsing It In hydrochloric acid. 
Heuthwalte (43) states that he prefers the 
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BUlfurlo-acld method of carbonization to the aluminum-
chloride method. 
1929 Duhem (25) also states that he prefers the 
sulfuric-acid method since he finds the removal of 
residual alumina more difficult than removal of 
residual sulfuric acid and since salts of aluminum 
impart a harsh handle to wool, 
Kegel (51) recommends that the temperature of 
the carbonizing chamber be kept below 120® 0. 
An anonymous article (86) states that wool 
carbonised by the aluminum-chloride process tends to 
acquire a greasy handle and a dull appearance. 
1931 2-Iullin (64) claims that the alumina on wool after 
carbonizing is apt to cause uneven dyeing or altera­
tion of color but he (63) maintains that the aluminum-
chloride process results In better subsequent dyeing 
of fine noils. 
According to VJhite (84) wool is best carbonized 
in the grease. 
1932 Olaflin (19) describes aluminum chloride-
carbonized vfool as dyeing more evenly than sulfuric 
acid-carbonized wool. 
Mullln (62) states that aluminum chloride-
carbonized raw vrool is whiter than that carbonized 
v/ith sulfuric acid. 
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Wolter (85) clesorlbes the aluminum-chloride 
proceaa of carbonization. 
1933 According to an anonymous article (1), aluminum-
chloride carbonization is intended mainly for the 
carbonization of wool to be finished undyed or bleached. 
The alumina which remains in the fiber acts as a white 
pigment, as a weighting agent, and as a mordant. 
1934 Pratt (68) states that if wool is dyed before 
carbonizing the aluminum-chloride process preserves 
the dyeing. 
The method of Mease and Jessup (60) for deter­
mining wool in wool-cotton mixtures by aluminum-
chloride carbonization of the cotton is quoted*: 
Immerse the specimen for 10 minutes 
in a boiling solution of aluminum chloride 
prepared by dissolving 9 g of the hydrated salt 
(AlClaeHaO) in 100 ml of water. Remove the 
specimen from the solution; allow the excess 
liquid to drain or the specimen may be lightly 
squeezed. Heat it at 105 to 110 0 (221 to 
230 F) until the cotton has become brown and 
brittle—2 hours is usually sufficient. Hold 
the specimen over a piece of glazed paper and 
work it with the hands in order to pulverize the 
carbonized cellulose and separate it from the 
wool. By suitable manipulation, all of the wool 
is obtained as a mat and the cellulose is left 
on the paper, mostly in the form of a powder. 
The separation is facllatated by the use of a 
v/ire screen, approximately no. 40, between the 
hands and the glazed paper. Place the wool in 
a beaker of warm water, agitate it thoroughly 
* Bur. Standards J. Research 12, 84-5 (1934). 
- 117 -
to x^et it, and form a mat of the coarser fibers 
in a gooch crucible or blichner funnel; apply 
gently suction and pour the remaining fibers 
and filtrate on the pad. Remove the fibers and 
agitate them with a solution of hydrochloric acid 
prepared by diluting 1 part of the concentrated 
laboratory acid with 9 parts of distilled water. 
Repeat the operation using several portions of 
water instead of acid until the wool is freed 
from powdered cellulose and the wash water is 
free from chlorides. The wool is dried to 
constant weight, called D. 
1935 Mease and Jessup (58, 59, 61) repeat their 
directions for the estimation of wool by aluminum-
chloride carbonization. 
Ryberg (72) finds that the aluminum-chloride 
process increases the affinity of wool for acid dyes 
and decreases its affinity for basic dyes and that the 
sulfuric-acid process has the opposite effect. He 
recommends that enough liydrochlorlo acid be added to 
the solution of aluminum chloride to keep the pH at 
1.4 to 1.6. Aluminum chloride, 5.63 per cent, contain­
ing the calculated amount of acid, he considers as 
effective as 9 to 10 per cent aluminum chloride with­
out added acid. The average residual aluminum of the 
fiber after carbonization and thorough dusting la 0.30 
per cent, a value so small it is described as having 
no appreciable effect on dyeing. Derby (24) reviews 
Ryberg's vrork and Armand (5), who obtains results 
similar to those of Ryberg, recommends that the 
carbonizing temperature be kept below 130® C. 
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because wool is altered at higher temperatures. 
1936 Although Ryberg (71) claims that the aluminum-
chloride method doss not give accurate results, 
Viertel (80) maintains that good results are obtained 
v;lth it. 
Baler (7) encounters fevrer difficulties with the 
aluminum-chloride process of carbonization than with 
the sulfuric-acid process, but describes the aluminum-
chloride process as more apt to leave the wool tacky. 
1937 Pflumm (66) describes wool carbonized with 
aluminum chloride as dyeing better than that carbonized 
with sulfuric acid. 
1938 An anonymous article (65) repeats that carboniza­
tion is b3x>ught about by hydrochloric acid evolved 
when aluminum chloride is heated in the presence of 
moisture. 
Elfid and Rudolph (28) claim that aluminum 
chloride protects wool during carbonization, 
I. Q-. Parbenindustrie (45) reports that wool 
mixed with cellulose-acetate rayon may be carbonized 
by the aluminum-chloride process without destruction 
of the rayon. 
Skinkle (76) expresses a preference for Ryberg'a 
sulfuric-acid method over the aluminum-chloride method 
for estimation of v/ool in wool-cotton unions. 
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1939 The American Society for Testing Materials 
(3Sb, o) approves the aluminum-chloride method for 
analysis of wool. Yamada and Ikoma (87) favor this 
method. 
Bonnet (12) uses 32 to 38 per cent aluminum 
chloride for removing celluloslc matter from wool. 
According to Sleeper (78) the aluminum-chloride 
process Increases the affinity of wool for acid dyes. 
1940 Schaeffer (73) reports that the aluminum-chloride 
method for estimation of wool Increases Its weight 
by 1 to 2 per cent. 
My comparison of the aluminum-chloride and 
sulfurlc-acld methods was made before June of this 
year. 
1941 Weldenhammer, Prlsley, and Ryberg (83), from an 
Inter-laboratory comparison of the sulfurlc-acld and 
aluminum-chloride methods, conclude that both methods 
are sufficiently accurate and precise to be useful 
but that, because It Is more convenient, less time-
consuming, and better suited for standardization to 
routine v/ork, the sulfurlc-acld method Is to be 
preferred. 
- 120 -
Methods 
!• The aluminum'-chloride treatment of wool. 
A five-gram sample of the wool was dried until 
constant at 105® 0. and immersed for ten minutes in forty 
volumes of a boiling solution, 9 g. of aluminum chloride 
hexahydrate, AlGls^eHaO, per 100 ml. of water. The residue 
was drained, dried at 105® to 110® C. for two hours, rubbed 
thoroughly in an attempt to remove all the powdery residue, 
rinsed in 100 volumes of dilute hydrochloric acid (one 
part by volume of concentrated hydrochloric acid, sp. gr. 
1.19, diluted with nine parts of water), washed free of 
chloride, dried at room temperature, and then until 
constant at 105® 0,, before analysis for ash, total sulfur, 
and sulfate sulfur. Twelve samples were analyzed for ash, 
twelve for total sulfur, and eight for sulfate sulfur. 
The results are reported as percentage of oven-dry wool 
in tables XIV and XV. (3b, c) 
V/ool treated according to this procedure, except 
that water was used in place of aluminum chloride, was 
also analyzed as to weight and ash. Untreated wool was 
analyzed for ash, total sulfur, and sulfate sulfur. Six 
parallel determinations v/ere made in each case according 
to methods described in part I. 
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S. The sulfurlc-aold treatment of wool. 
A five-gram sample of v;ool was dried until constant 
at 105® 0., immersed for ten minutes in 100 volumes of 
boiling sulfuric acid (1 per cent hydrogen sulfate by 
weight), drained, vrorked fifteen minutes at 38" C. in 
100 volumes of sulfuric acid (70 per cent hydrogen sulfate 
by weight), washed with cold water, immersed in 2 per cent 
sodium hydrogen carbonate at room temperature for five 
minutes, xirashed free of sulfate, and dried first at room 
temperature and then at 105® 0. until constant in weight 
before analysis for ash, total sulfur, and sulfate sulfur. 
Eight analyses for ash, twelve for total sulfur, and 
tiirelve for sulfate were made as previously described. The 
results are computed as percentage of the original oven-
dry wool (3). 
TABLE XIV 
EFFECT OF ALUMINUli-CHLORlDE AIJD SULFURIC-ACID METHODS FOR QUANTITATIVE ESTIMATION 
OF WOOL ON THE WEIGHT, ASH, TOTAL SULFUR, AND THE SULFATE SULFUR OF THE WOOL. 
Deter- Wool Residue" 
mlna- Treatment v/eight Weight Ash Sulfxir 
Barium Total Sulfate 
sulfate sulfur sulfur 
number gram gram percent- gram percent- gram percent- percent-
aes « ke or 
wool wool WOOX 
lA * None 5.5267 0^0051 0.09 
2A 5.2264 0^0055 0.11 
3A 5.1525 0.0049 0.09 
4A 5.6101 0i0048 0.09 
5A 5.4463 0^0053 0.10 
6A 5.3500 0i0048 0i09 
li4840 7B 5.0329 3.74 
8B 5.4184 1.5966 3.76 
9B 5.2090 li5183 3i71x 
lOB 4.3635 1.3077 3.76 
IIB 4.2431 1.2810 3.79 
12B 5.0918 1.5115 3.77 
13C 5.0415 0il051 0.29 
140 5.2113 0.1094 0.29 
150 5.1566 0.1133 0.30 
16C 4.8404 0.1012 0.29 
17C 4.7711 0.1090 0.31 
180 5.0668 0.1091 0.30 
Mean 0.10 3.76 0.30 
Deviation 0.01 0.01 0.01 
* Parallel Determinations are lettered alike. 
A blank determination of Benedict-Denis reagents yielded 0,1130 gram barium sulfate. 
X Rejected observation. 
TABLE XIV. (Continued) 
Deter- V/ool • Residue 
mlna- Treatment Weight Weight Ash Sulfur ~ 
tion Barium Total Sulfate 
sulfate sulfur sulfur 
number sram gram peroent- gram percent- gram percent- percent­
age of age of age of age of 
wool wool wool wool 
lA 
2A 
3A 
4A 
5A 
6A 
Mean 
Deviation 
Hydro­
chloric 
acid, 
water 
4.7836 
4.9365 
4.6473 
4.9574 
4.6125 
5.0465 
4.7757 
4.9373 
4.6382 
4.9311 
4.6106 
5.0453 
lA Aluminum 4.5592 4.5123 
2A chloride, 4.4469 4.3691 
hydrochloric 
99.8 
100.0 
99.8 
99.5 
100.0 
100.0 
99.9 
0.2 
99.0 
98.3 
0.0036 
0.0034 
0.0028 
0.0027 
0.0031 
0.0029 
0.08 
0.07 
0.06 
0.05 
0.07 
0.06 
b.Ol 
Mean 98.7 
Deviation 0.4 
3B 2.7159 2.6783 98.6 0.7971 3.46 
4B 2.6682 2.6343 98.7 0.7785 3.43 
5B 2.6577 2.6250 98.8 0.7807 3.45 
6B 2.7212 2.6931 99.0 0.7840 3.39 
7B 2.6780 2.6486 98.9 0.7992 3.52 
8B 2.6666 2.6267 98.5 0.7883 3.48 
Mean 98.8 3.46 
Deviation 0.2 0.03 
H 
CO 
oa 
0.00 
TABLE XIV (Continued) 
Deter- Wool Residue 
mlna- Treatment 
tion 
numoer 
Weight V^'eight Ash Sulfur 
Barium Total 
•sulfate sulfur 
Sulfate 
sulfur 
gram grain percent-^ gram 
age of 
wool 
percent­
age of 
v/ool 
gram percent- percent' 
age of age of 
wool wool 
90 5.1503 5.0883 98.8 0.0139 0,27 
100 5.E521 5.1441 97.9 0.0306 0.58 
110 4.5247 4.4854 99.1 0.0086 0.19 
120 4.4513 4.4343 99.6 0,0303 0.68 
130 4.7088 4.6638 99.0 0.0218 0.46 
140 4.5743 4.6041 98.5 0.0185 0.40 
Mean 98.8 0.43 
Deviation 0.4 0.14 
15D 4.8011 4.8243 100.5 
16D 4.3725 4.3547 99.6 
17D 4.5271 4.5270 100.0 
18D 4.3633 4.3459 99.6 
19D 4.8256 4.8647 100.8 
20D 4.5450 4.5424 99,9 
Mean 100.1 
Deviation 0.4 
TiiBLE XIV (Continued) 
Detei*- Wool Residue 
mlna- Treatment 
tlon 
number 
21E 2.6664 2.7178 101.9 0.7870 3.48 
22E 2.6798 2.7151 101.3 0.7909 3.47 
23S 2.7650 2.7791 100.5 0.5206 2.02z 
24E 2.5736 2.5764 100.1 0.7442 3.38 
25E 2.6059 2.6064 100.0 0.7763 3.50 
26E 2.6543 2.6643 100.4 0.7594 3.34 
Mean 100.7 3.43 
Deviation 0.6 0.06 
27P 5.1350 5.1858 101.0 0.0534 1.04 
28F 4.7589 4.8153 101.2 0.0603 1.27 
29F 4.9987 5.0400 100.8 0.0497 0.99 
30F 4.7510 4.7867 100.8 0.0436 0.92 
31F 4.9230 4.9472 100.5 0.0424 0.86 
32F 4.8135 4.8797 101.4 0.0542 1.13 
Mean 101.0 1.04 
Deviation 0.3 0.11 
Grand mean 99.8 0.73 3.45 
Deviation 0.9 0.30 0.04 
Weight Weight Ash Sulfur 
Barium Total Sulfate 
sulfate sulfur sulfur 
gram gram percent- gram percent- gram percent- percent­
age of age of age of age of 
wool wool wool wool 
TABLE XIV (Continued) 
Deter- Wool 
inina~ Treatment 
tion 
Residue 
number 
Weight 
gram 
Weight Ash Sulfate 
crrani percent- gram peroent-
age oaT" age of 
wooT" woolT" 
Barium Total Sulfate 
sulfate sulfur sulfur 
gram percent- percent-
age of age of 
wooT" wooT" 
lA Sulfuric 4.4255 4.4002 99.4 0. 0019 0.04 
2A acid 5.0113 5.0189 100.2 0. 0030 0.06 
Mean 99.8 0.05 
Deviation 0.4 0.01 1 
3B 2.8238 2.8361 100.4 1.0983 4.79 H CO 
4B 2.7631 2.7882 100.9 1.0942 4.88 0> 
5B 2.6807 2.6907 100.4 1.0440 4.77 i 
6B 2.7703 2.7740 100.1 1.0849 4.82 
7B 2.7515 2.7675 100.6 1.1054 4.95 
8B 2.3141 2.3168 100.1 0.9033 4.69 
Mean 100.4 4.82 
Deviation 0.2 0.07 
90 5.6661 5.7567 101.6 0.6201 1.50 
IOC 4.6036 4.6538 101.1 0.4946 1.48 
lie 4.4797 4.5279 101.1 0.5144 1.58 
120 9.3752 9.5112 101.4 1.0873 1.60 
130 4.7176 4.7532 100.8 0.4683 1.36 
Mean 101.2 1.50 
Deviation 0.2 0.07 
TABLE XIV (Continued) 
Deter- Wool Residue 
mlna- Treatment V/ eight Weight • Ash Sulfur 
tion Barium Total Sulfate 
sulfate sulfur sulfur 
number gram gram percent­ gram percent­ gram percent- perceni 
age of age of age ^  age ^ f 
wool wool wool wool 
14D 2.6210 2.6441 100.9 1.0361 4.84 
15D 2.7576 2.7976 101.5 1.0993 4.90 
16D 2.5903 2.6142 100.9 1.0672 5.06 
17D 2.5993 2,6621 102.4 1.1234 5.34 
18D 2.6672 2.7209 102.0 1.1205 5.19 
19D 2.6650 2.6847 100.7 1.0701 4.93 
Mean 101.4 5.04 
Deviation 0.6 0.15 
EOE 4.0368 0.4537 1.54 
21E 4.0455 0.4767 1.62 
22E 4.5977 0.4301 1.28 
E3E 4.3155 0.3510 1.121 
24E 4.2856 0.4744 1.52 
25E 4.3497 0.4984 1.57 
Mean 1.51 
Deviation 0.09 
Grand mean 100.9 0.05 4.93 1.51 
Deviation 0.6 0.01 0.14 0.08 
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Discussion of Results 
The effect of the aluminum-chloride and the sulfuric-
acld methods for quantitative estimation of wool in 
cellulosic admixtures on the v/elght, ash, total sulfur and 
sulfate sulfur of wool is presented in Table XIV and 
summarized in Table XV, 
The change In weight of v/ool caused by the aluminum-
chloride method varied from -2.1 to +1.9 per cent among 32 
determinations and averaged -0.2 ±0.9 per cent; for five 
sets of six parallel determinations the means ranged from 
-1.2 to +1.0 per cent. The change of weight of wool treated 
with water instead of aluminum chloride varied from -0.5 to 
0.0 per cent among six determinations with a mean of 0.1 
+ 0.2 per cent. The change In weight of a wool fabric 
treated according to the aluminum-chloride method, as 
reported in an Inter-laboratory comparison of the sulfurlc-
acld and aluminum-chloride methods by Weldenhamer, Prlsley, 
and Ryberg (83), varied from -2.3 to +1.4 per cent among 
25 determinations and averaged -0.3 ± 0.9 per cent; for 
five sets of five determinations their means ranged from 
-2.0 to +1.1 per cent. 
In this laboratory, the change in weight of wool brought 
about by the sulfurlc-acid method varied from -0.6 to +2.4 
per cent among nineteen determinations and averaged 
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+0.9 ±0.6 per cent; for three sets of six parallel determina­
tions the means ranged from 0,4 to 1.4 per cent. V/eidenhamer, 
Prisley, and Ryberg reported a chejige In weight of vool v/lth , 
the sulfurio-acid method from -3.6 to +2.8 per oent among 
35 determinations for v/hlch the means averaged -0.1 ± 1.6 
per cent; five sets of five determinations ranged from -2.9 
to +2.4 per oent. 
The original wool used in this laboratory contained 
0,30 ± 0.01 per oent of sulfate sulfur v;hloh was removed by 
the aluminum-chloride method. The sulfur of the original wool 
totaled 3.76 ± 0.01 per oent, that of wool treated according 
to the aluminum-chloride method but 3.45 ± 0,04 per oent; the 
difference, 0.31, is equivalent to the sulfate sulfur lost. 
The sulfate sulfur of wool treated according to the sulfurlc-
acid method is 1.51 ± 0.08 per cent, an Increase from that of 
the original of 1.21; the total sulfur is 4.93 + 0.14 per 
cent, an increase of 1.17 per cent. 
The ash of the original wool, 0,10 ± 0.01 per cent, 
decreased to 0.05 ± 0.01 per cent for wool treated by the 
sulfuric-acid method, decreased to 0.07 ± 0.01 per oent when 
water was substituted for aluminum chloride, and increased 
to 0.43 ± 0.14 per cent for one set and to 1.04 ± 0.11 per 
cent for another set of six parallel deteiminations according 
to the aluminum-chloride method. The difference between the 
last two means and their high deviations are probably caused 
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by the dusting of different amounts of aluminum oxide from 
the wool. 
These results show that, with the proportion of wool at 
a maximum, the sulfurio-acid method is soraev/hat the better 
of the t!?ro methods. 
TiSBLE XV 
COMPARISON OF ALUl£ENt3M-CHL0RIDS A1?D 3ULFURIG-ACID METHODS FOR QUANTITATIVE 
ESTIMATIONS OF V I O O L  
Parallel 
determina-
Resldue 
Total Sulfate T>XUX1S Weight Ash sulfur sulfur 
Treatment of 
wool nimiber percentajBie percentage percentage percentage 
wool of wool of v/ool of wool 
A. None 6 0.10 (o.bi)* 3.76 (0.01) 0.30 (0.01) 
B. Water, hydrochloric 
acid, water 6 99.9 (0.2) 0.07 (0.01) 
C. Aluminum chloride, 2 98.7 (0.4) 0.00 
hydrochloric acid, 6 98.8 (0.2) 
(0.14) 
3.46 (0.03) 
water 6 98.8 (0.4) 0.43 
6 100.1 (0.4) 0.00 
6 100.7 (0.6) 3.43 (0.06) 
6 101.0 (0.3) 1.04 (0.11) 
D. Sulfiiric acid 2 99.8 (0.4) 0.05 (0.01) 
6 100.4 (0.2) 4.82 (0.07) 
6 101.2 (0.2) 1.50 (0.07) 
6 101.4 (0.6) 5.04 (0.15) 
6 1.51 (0.09) 
H 
&) 
H 
* Mean deviations are v/ithin parentheses 
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Sumiaary 
1. A oomparlson of the aluminum-chloride and 
aulfurlc-aoid methods for the quantitative eetlraatlon of 
vrool in cellulosic admixtures has been made by determining 
their effects on the weight, ash, total sulfur, and sulfate 
sulfur of vfool. 
2. Change in weight of v/ool by the aluminum-chloride 
method varied from -S.l to +1.9 per cent for 32 determina­
tions which averaged -0.2 ± 0.9 per cent; for five sets 
of six parallel determinations the means ranged from -1.2 
to +1.0 per cent. Change in weight of vrool by the sulfuric-
aoid method varied from -0.6 to +2.4 per cent and averaged 
+0.9 ±0.6 per cent for nineteen determinations; for three 
sets of six parallel determinations the means ranged from 
0.4 to 1.4 per cent. 
3. The sulfate sulfur, 0.30 ± 0.01 per cent, was 
removed by the aluminum-chloride method and increased to 
1.51 ± 0.08 per cent by the sulfurlc-acid method. The 
total sulfur, 3.76 ± 0.01 per cent, decreased to 3.45 
± 0.04 per cent with the aluminum-chloride method and 
Increased to 4.93 ± 0.14 per cent with the sulfurlo-acld 
method. This change in total sulfur equals the change in 
sulfate sulfur. 
4. The ash, 0.10 ± 0.01 per cent, increased to 
0.43 + 0.15 per cent for one set and to 1.04 ± 0.11 per cent 
- 133 -
for another set of six parallel determinations with the 
alumimm-chloride method, and decreased to 0.05 ± 0.01 
per cent with the sulfurio-acid method. 
5. With the proportion of wool at a maximum these 
data show that the 70 per cent sulfuric-acid method is 
somewhat better than the aluminum-chloride method for 
the estimation of wool. 
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